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Abstract
Background
Subacromial impingement syndrome (SIS) is the most common diagnosis made in 
patients with chronic shoulder pain, accounting for 44-65% of all complaints of 
shoulder pain. SIS is a clinical diagnosis describing a multifactorial pathology 
applied to a condition whose main clinical symptoms are anterior or anterior-lateral 
superior shoulder pain, associated with restricted elevation of the arm or when 
attempting overhead activities, but without specific clinical tests. This study uses a 
battery of clinical, functional and EMG investigations in well-defined patient and 
control groups, in order to identify and measure aberrations in shoulder movements 
common to patients with SIS, to establish the consequences for shoulder girdle 
control and ultimately to suggest which therapeutic strategies might be most 
successful.
Participants
Thirty four healthy controls including males and females, different ethnic groups and 
handedness completed all the tests and tasks. EMG studies were performed on either 
dominant or non-dominant sides, non-EMG evaluations were undertaken bilaterally. 
Thirty nine patients with a clinical diagnosis of SIS were evaluated, categorised and 
tested as for the healthy volunteers whereby all non-emg studies were performed 
bilaterally and the EMG tasks performed by the affected shoulder.
Materials and Methods
Fourteen standard clinical tests were used to define the patient’s shoulder problems 
and establish the status of the healthy shoulders. Muscle strength range of motion, 
posture and functional tests were applied and answers to validated clinical 
questionnaires compiled. The electromyographic activity of 15 shoulder muscle 
girdles was investigated during cyclic upper extremity functional tasks using a 
wireless Noraxon system with a combination of surface and fine-wire electrodes. 
Functional tasks included the painful movement range typical of SIS. A shoulder- 
specific myometer and EMG recording were used to measure the shoulder strength 
during four distinct shoulder movements and fatigability of muscles during 25% 
maximum voluntary contraction. Data analysis packages and integration systems
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were used to assimilate changes in the activities of individual muscles into common 
patterns of aberrant control of the shoulder girdle.
Results
No differences in shoulder functional capacity were detected between different 
ethnic groups or between dominant and non-dominant shoulders. However, males 
were significantly stronger than females. The differences between patients with SIS 
and controls resulted in aberrant positioning and control of the scapular which then 
had knock on effects with the associated humeral head centring and deltoid 
activation. The muscles most susceptible to fatigue differed depending on the 
activity being undertaken. The serratus anterior was highly susceptible to fatigue 
during flexion and abduction while the infraspinatus fatigues during external rotation 
and the supraspinatus during internal rotation
Discussion and Conclusion
Normal neuromuscular control of scapular positioning and motion during arm 
elevation and lowering provides the stable base for the head of humerus to rotate 
securely by efficient co-activation of muscles and in harmony with scapular motion. 
Pain, weakness, restricted joint motion and faulty upper body posture are frequent 
manifestations in patients with subacromial impingement that have mutual effect on 
the scapular coordination. Aberrations in scapular positioning and control underpin 
many of the problems associated with SIS. Physiotherapy aimed at correcting 
posture and the use of muscle-specific strengthening exercises will help to readjust 
the scapula-humeral rhythm and improve patient shoulder function.
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1 CHAPTER ONE: INTRODUCTION
1.1 Subacromial Impingement Syndrome
It is estimated that possibly as many as 1 in 3 people will develop shoulder pain 
during their life. In many this will become chronic and be associated with 
disability33. The prevalence of self-reported shoulder pain was estimated as 16%34 in 
the UK, rising to 26%35 in the elderly; and in the Netherlands was reported as 21%36. 
Subacromial impingement syndrome (SIS) is still the most common diagnosis made 
in patients with chronic shoulder pain, accounting for 44-65% of all complaints of 
shoulder pain reported in a visit to a physician37,38. Kaikkonen et al. (2009)39 
discussed the prevalence of SIS in different patient groups including heavy manual 
workers and athletes. Although SIS is a diagnosis that has become increasingly 
common, it remains an ill-defined entity40. The non-specific nature of the symptoms 
and signs may mean that the ‘impingement’ is secondary to pathology such as 
instability or associated with a rotator cuff tear41. Arthroscopic subacromial 
decompression is the procedure of choice for patients with impingement syndrome 
refractory to conservative treatment42.
SIS describes a condition whose main clinical symptoms are anterior or anterior- 
lateral superior shoulder pain, often associated with restricted movement of the 
shoulder girdle. The pain is experienced during elevation of the arm or attempting 
overhead activities occurring in many normal activities at home, during work and in 
sport. SIS is a clinical diagnosis, though the accuracy of the diagnosis is difficult 
because of multifactorial pathology, shoulder structural complexity and lack of 
specific clinical tests. A few studies have reported a relatively higher sensitivity, 
specificity and reliability with the use of combinations of tests43'45. ‘Typical’ changes 
on radiographs, such as spurs on the acromion and the eyebrow sign, may be absent. 
The symptoms and signs of SIS are a result of pathology within structures located 
within or adjacent to the subacromial space. SIS has been described as mechanical 
compression of the rotator cuff and other subacromial tissues between the proximal 
end of the humerus and coracoacromial arch46, but the aetiopathology is still unclear. 
Neer (1972)46 argued that the anterior one-third of the acromion, the coracoacromial
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ligament and, at times, the acromioclavicular joint impinged upon the subacromial 
components mainly when the arm was in a position of forward elevation.
Although the principles of arthroscopic subacromial decompression (i.e. a 
combination of removing the anterolateral part of the acromion, a release of the 
coracoacromial ligament and a subacromial bursectomy), described by Neer46 40 
years ago are still in use with good outcomes, the definitive pathology of SIS 
remains unclear. There is a growing body of evidence that altered muscle activation 
patterns and muscle coordination imbalance are associated with the aetiology4,47. 
Changes in range of motion (ROM)19, muscle strength47"50 and muscle balance51'53 
deficits and upper body posture54,55 have been found in patients with SIS and 
changes may correlate with functional capacity. Physiotherapy programmes that 
address posture, abnormalities of shoulder movement and muscle activation have 
been shown to be associated with 67% recovery rate for patients who have 
impingement syndrome56,57.
In order to investigate physiological factors that may contribute to SIS, patients need 
to be identified using accepted clinical tools that enable selection of a coherent 
patient group with well-defined symptoms and signs. Potential coexisting pathology 
such as rotator cuff tears and biceps tendon degeneration needs to be excluded 
wherever possible. In addition, physiological factors must be investigated using 
reliable and validated tools. This study uses the functional impairment test for the 
upper extremity and neck described by MacDermid et al. (2007)58, an electronic 
myometer and electromyography (EMG) measurements. The Functional Impairment 
Test-Hand, and Neck/Shoulder/Arm (FIT-HaNSA) resembles daily living activities 
of the shoulder and upper limb at the waist level, up to the eye level and overhead 
reaching. The Mecmesin myometer is used to measure isometric maximum 
voluntary contraction in four standardized movements (flexion, abduction, internal 
and external rotation). EMG is used to record myoelectric signals from shoulder 
muscles and reflects the muscle activation pattern, maximal activation level and 
muscle fatigue. When EMG is precisely synchronized with video images of shoulder 
motion, inferences can be made regarding the roles of muscles for producing the
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observed motions. Furthermore, simple direct in vivo measurements and 
measurements on lateral photographs for upper body posture are used to investigate 
correlations between variations in posture and muscle activation.
1.2 Hypotheses
• In patients with primary subacromial impingement syndrome scapular
positioning is abnormal at initiation of forward elevation or abduction from 
the adducted position.
• Changes in muscle activation patterns, particularly of periscapular muscles
cause an abnormal pattern of scapular movement during upper limb
movements in patients with SIS.
• Differences in muscle fatigue between patients with SIS and normal 
individuals will reflect adaptations in muscle activation and shoulder girdle 
movement.
1.3 Aims of the Study
• To determine whether gender, ethnic group or hand preference influence 
normal shoulder function.
• To identify and categorize patients with SIS using a series of clinical 
assessments and functional tests.
• To measure differences in the functional capacity of the shoulder girdle of 
patients with SIS relative to that of healthy controls.
• To identify factors that may influence the functional capacity of the shoulder 
such as upper body posture, muscle strength or muscle fatigue.
• To analyse differences in individual muscle activity patterns between patients 
with SIS from that of healthy controls.
• To explain the effect of any differential muscle activity identified in patients 
with SIS on shoulder girdle control during upper limb movements.
• To detect any common aberrations in shoulder girdle functioning which 
might underpin SIS.
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1.4 Objectives:
• To recruit both patients diagnosed with SIS prior to treatment and a matched 
group of volunteers with normal shoulder function
• To use validated questionnaires to record pain and functional capacity in 
normal controls and patients with SIS.
• To examine shoulder function using accepted physical tests and to define 
clinically the shoulder pathology.
• To assess the correlation of the following with the severity of subacromial 
impingement:
o Pain and functional disability 
o Upper body postural changes 
o Shoulder muscle strength.
• To assess the activity patterns of 15 shoulder muscles using EMG recordings 
performed during tasks that simulate activities of daily living.
• To determine shoulder functional performance during dynamic arm motion 
and overhead work.
• To analyse the individual muscle EMG patterns for inter-muscle 
coordination.
• To determine differences in muscle activation patterns between patients and 
volunteers.
• To assess the EMG records of 15 shoulder muscles for maximal activation 
level and sustained submaximal muscle fatigue in patients and healthy 
controls.
By integrating detailed data from carefully selected groups of patients and controls, 
using standardised protocols within the capacity of patients to complete, the study 
will shed light on differences in shoulder girdle functioning in patients with SIS. 
This may enable improved therapeutic strategies to be developed.
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2 CHAPTER TWO: REVIEW OF LITERATURE
2.1 Subacromial Impingement Syndrome
Subacromial Impingement Syndrome (SIS) is believed to be the most common cause 
of shoulder pain, accounting for 44% to 65% of all complaints of shoulder pain 
requiring a consultation with a doctor37’59. This shoulder disorder traditionally refers 
to the compression of the subacromial space interposing soft tissues between the 
acromion and coracoacromial arc superiorly and the head of the humerus inferiorly, 
causing potential damage to the rotator cuff tendon, long head of the biceps tendon, 
subacromial bursa, and the shoulder capsule60,61,46. It is a non-specific, ill-defined 
entity or syndrome associated with shoulder pain particularly during arm elevation or 
overhead activities. SIS may result in chronic pain with functional disability62,32,19. A 
variety of conditions acting independently or in combination may lead to a potential 
or a true narrowing of the subacromial space. It is believed that a variety of intrinsic 
pathologic factors, for example, inflammation and degeneration of the rotator cuff 
due to tension overload, or muscle imbalance may lead to ‘intrinsic 
impingement’63,64, whereas ‘extrinsic impingement’ is thought to be due to acromial 
and coracoacromial arch pathology46,65,66,48 and degeneration and inflammation of 
tendons or bursa31,67. More recently an increasing body of research has been 
investigating altered scapulothoracic and glenohumeral kinematics68,10,69'71, muscle 
activation imbalance, faulty posture72,73,47 and posterior capsular tightness68,74,75 as 
possible aetiological factors in SIS. These potential mechanisms can occur 
individually or in combination, an issue that hinders the diagnosis and treatment of 
the condition.
2.1.1 Historical Background
Meyer76, in (1931), described the attrition changes on the inner side of the subdeltoid 
bursa in the region of the greater tuberosity. Subsequently the apparent abnormal 
contact between the coracoacromial arch and the underlying soft tissues particularly 
the rotator cuff tendons was investigated77'80,46,81. Codman (1943)77 defined the 
degenerative changes and their location in the rotator cuff tendons. Armstrong 
(1949) introduced the term ‘supraspinatus syndrome’ and its treatment with ‘total 
acromionectomy’ while McLaughlin and Asherman (1951)82 tried to conserve the 
acromion by ‘lateral acromionectomy’. The disappointing results of total and lateral
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acromionectomy together with the investigations conducted by Neer (1972)46, led to 
the introduction of the concept of ‘SIS’ as a degenerative change starting at the 
anterior one-third of the acromion, the coracoacromial ligament and the 
acromioclavicular joint. Based on his hypothesis, Neer described anterior 
acromioplasty. The standard surgical procedure83'87 is now an arthroscopic version of 
the acromioplasty described by Neer. In addition to the removal of anterior third of 
the acromion, debridement may be extended to involve the inferior portion of the 
coracoacromial ligament and acromioclavicular joint46.
Clinical electromyography (EMG) was first introduced by Adrian and Bronk 
(1929)88. Inman (1944)4 described a coupling phenomenon between the scapular 
motion and arm elevation known as ‘scapulohumeral rhythm’ which is considered 
the base-line for the normal behaviour of the shoulder complex. Basmajian (1963)89, 
undertook intensive EMG work on muscle function and established the principles 
and practical guides for EMG electrode placement by clinicians. Based on EMG 
studies, many authors have found alterations in muscle activation patterns between 
patients with SIS and healthy subjects, or between affected and unaffected 
shoulders47,19. The existing inconsistency in the published data, as observed in the 
activation magnitude and timing of the parts of trapezius and SA muscles, can be 
attributed to different protocols of assessment and natural myoelectric differences 
between people48. EMG studies have greatly increased the understanding of the 
relative muscular contributions to shoulder kinematics. Computerized 3D analysis, 
which is established as a non-invasive method for recording dynamic shoulder 
motion, combined with EMG profiles of shoulder muscles, provides the essence of 
the shoulder kinematics19.
2.2 Functional Anatomy of the Shoulder
In activities of daily living, the performance of the upper extremity depends on the 
functional integrity of each joint of the upper limb and trunk. Effective hand 
positioning and performance is a consequence of normal shoulder and elbow 
movement. Contributing to this is the fact that good shoulder function is a 
combination of painlessness, mobility and stability90. The shoulder complex consists 
of the shoulder girdle (clavicle and scapula) and the humerus. There are three 
synovial joints; sternoclavicular , acromioclavicular and glenohumeral joints; and a 
single sliding articulation of the scapula on the thorax named the scapulothoracic
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articulation (STA). The remarkable mobility of the shoulder complex is determined 
by three factors: its single connection to the axial skeleton through the 
sternoclavicular joint, the size differential between the humeral head and glenoid cup 
at the glenohumeral joint (GHJ) with a ratio of 3:lrespectively, and the widely 
sliding STA. This range of motion at the shoulder complex requires efficient static 
and dynamic stability and coordination.
2.2.1 Sternoclavicular Joint
The sternoclavicular joint is a saddle-type synovial joint formed by the convex 
medial end of the clavicle and the concave surface of the clavicular facet of the 
sternum. An intra-articular disc allows compensation for mismatching of articular 
facets and acts as a shock absorber. It is approximately 3-10 mm thick with a thicker 
anterior portion. This is important for the mobility of the joint, transmission of forces 
and function of the whole upper extremity91. The joint is strongly reinforced by the 
anterior and posterior SC ligaments and capsule as well as the interclavicular and 
costoclavicular ligaments. The SC joint allows clavicular elevation and depression 
between 45° and -10°, retraction and protraction of about 15° and 50° of posterior 
rotation along the long axis of the clavicle92.
2.2.2 Acromioclavicular Joint
The acromioclavicular joint is a plane-shaped synovial joint formed by the lateral 
end of the clavicle and medial side of the acromion. An intra-articular disc is 
sometimes identified especially in younger persons, which increases the congruity of 
the articular surfaces and provides protection from transmitted forces. The joint is 
reinforced by the joint capsule, its superior thickening called the superior 
acromioclavicular ligament, and the costoclavicular ligaments. Because of the shape 
of articular surfaces, capsular and ligamentous envelope, the movements of the 
clavicle are transmitted to the scapula across the acromioclavicular joint. Any 
restriction to the synchronized movements between the clavicle and scapula, as in 
painful acromioclavicular joint conditions or mal-alignment of the clavicle, will 
affect the function of the STA93.
2.2.3 Scapulothoracic Articulation
The scapulothoracic articulation (STA) allows movement of the scapula on the 
thoracic ribs. The shoulder girdle (scapula and clavicle) components have a
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synchronized motion which results from coordinated motion of the sternoclavicular 
joint, acromioclavicular joint and STA92. Scapular movement has been described in 
multiple planes, including upward elevation and downward depression, upward and 
downward rotation, anterior and posterior movement along the thoracic cage termed 
protraction and retraction as well as small adjustments along the acromioclavicular 
joint plane. The major muscles responsible for scapular movements include the 
trapezius, levator scapulae, serratus anterior, and rhomboids.
2.2.4 Glenohumeral Joint
The fundamental central component of the shoulder complex is the GHJ. It has a 
ball-and socket configuration with a surface area ratio of the humeral head to glenoid 
fossa of about 3:1 with an appearance similar to a golf ball on a tee94. Overall, there 
is minimal bony covering and limited contact area extended by the glenoid labrum 
that allow extensive translational and rotational ability in all three planes via 
combinations of multiple muscles. Stability is created through both static (passive) 
and dynamic (active) mechanisms which allows a wide range of GHJ mobility 
during daily activities61.
2.2.5 Subacromial Space
Pfuhl (1934)95, was the first to define the subacromial region as ‘subacromial 
accessory joint of bone-muscle-bone gliding interface’ and insisted that the 
subacromial and subdeltoid bursa is single entity. The acromion and the 
coracoacromial ligament form the roof while the head of the humerus forms the floor 
of the potential subacromial space. The height of the subacromial space varies from 
1.0 to 1.5 cm as seen on radiographs of healthy subjects96, while in patients with SIS 
the height is reduced by about 3 mm or more as compared to unaffected shoulder at 
90° of isometric GHJ abduction97. A decrease in the width of the acromio-humeral 
interval occurs during GHJ abduction60,98,97 and an increase in the contact between 
the inferior acromion and underlying subacromial tissues occurs during GHJ 
abduction and flexion72,96. Contact pressure and force in the subacromial space has 
also been demonstrated to increase during GHJ abduction, with the highest 
subacromial force and contact pressure observed in the mid-range of motion99'101.
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2.3 Stability of the Shoulder Complex
Shoulder muscles have been classically divided into four groups based on muscle 
attachments. They include: 1) axioscapular, 2) axiohumeral, 3) scapulohumeral, and 
4) extrinsic muscles4 [Table 2—1].
Table 2-1: Classification of shoulder muscles according to their attachments (information obtained
from4)
Muscle groups Shoulder muscles
Axioscapular muscles Levator scapulae (LS), trapezius includes 
upper (UT), middle (MT) and lower (LT) 
portions, serratus anterior (SA), 
rhomboid major/minor (RM/Rm), 
pectoralis minor (Pm).
Axiohumeral muscles Pectoralis major (PM) and latisshnus 
dorsi (LD)
Scapulohumeral muscles Rotator cuff (RC): supraspinatus (SSP), 
Infraspinatus (ISP), subscapularis 
(SUBS) and teres minor (Tm); in 
addition to teres major (TM) and deltoid 
includes anterior (AD), middle (MD) and 
posterior (PD) portions
Extrinsic muscles Biceps brachii (BB) and triceps
2.3.1 Stability of the Scapulothoracic Articulation and the 
Primary Role of the Scapula
The scapula acts as a stable platform from which GHJ mobility occurs102. The 
primary role of the scapula is to provide the proper alignment of the glenoid to the 
humeral head not only for optimal bony stability but also to facilitate muscular 
constraint by maintaining proper length-tension relationships for efficient contraction 
of the RC and deltoid muscles. In addition to the ligaments at the sternoclavicular 
joint, acromioclavicular joint and the ‘suction mechanism’ induced by the SA and 
SUBS muscles, the main dynamic stabilizers of STA are the levator scapulae, 
trapezius, serratus anterior and the rhomboids. These muscles, together with the 
stabilizers of the GHJ, function through synergistic co-contraction to maintain the 
balance of movement between the joints of the shoulder girdle, thus maintaining 
scapulohumeral rhythm (SHR) as described by Inman (1944)4. As the scapular
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stabilizers and the placement of the scapula depends on their integrity with the axial 
skeleton and thorax, any alteration in the cervical and thoracic spine alignment and 
shape of thorax may lead to dysfunctional instability in the STA and GHJ103,104.
2.3.2 Stability of the Glenohumeral Joint
The stability is created through both static (passive) mechanisms and dynamic 
(active) mechanisms at rest, mid-range and extremes of motion.
Static stability: Static restraints include concavity of the glenoid fossa, glenoid fossa 
alignment and inclination, the glenoid labrum (which enhances glenoid fossa depth 
by about 50%), the joint capsule and glenohumeral ligaments, and a vacuum effect 
from a negative intra-articular pressure. It is estimated that the labral structures 
represent 10 to 20% of stabilization forces105. Rotator cuff and deltoid muscle mass 
also help compress the joint at rest. All of these static restraints are important at rest, 
except for the glenohumeral ligaments, which seem to be important at extremes of 
motion. During upper extremity movement, the effects of static restraints are 
minimized as the joint approaches the mid-range of movement and dynamic or active 
stabilizers become the dominant forces to achieve stability.
Dynamic stability: The aim of dynamic mechanisms is to ensure centring of GHJ 
and minimize humeral head translation particularly at the mid-range of motion when 
the static elements are not efficient to provide GHJ stability. Lippitt (1993)106 
reported the ‘concavity compression’ mechanism when the head of the humerus is 
actively compressed against the glenoid cavity by axiohumeral muscles crossing the 
GHJ. This mechanism is determined by the compressive forces of crossing muscles 
and depth of the glenoid fossa107,108. The scapulohumeral muscle group, which 
includes the rotator cuff, deltoid and long head of biceps, is responsible for centring 
the humeral head within the glenoid fossa. Moreover, during upper limb motion and 
loading, the steady setting of the scapula leads to increased tension of the muscles of 
the rotator cuff, enhance their ability to resist a change in length and maintain 
efficient stabilizing activity with the arm between 70° and 100° of abduction109,110.
2.3.3 The Force Couples Motion Control
A couple is a term used to describe rotatory motion brought about by forces that are 
generally equal in magnitude and act in opposite directions at some distance from 
each other to provide stability. Furthermore, the force couple concept may extend to
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include opposing co-contracted muscles to provide coordinated rotations of the 
scapula and humerus4’111,112. Accordingly, the muscle sling groups around the 
scapula are examples of the coupling mechanism at STA [Table 2-2].
Table 2-2: Scapular muscle slings (adapted from4)
SA: serratus anterior, RM: rhomboids major, Rm: rhomboids minor, LS: levator scapulae, UT: upper 
trapezius, MT: middle trapezius, LT: lower trapezius. Pm: Pectoralis minor
Muscle sling 
SA - RM sling
LS — LT sling 
SA-UT sling 
UT, MT, LT-Pm* sling
Balanced action 
Medial - lateral rotation
Elevation - depression 
Upward - downward rotation 
Retraction - protraction
The components within a muscular sling either co-contract and facilitate controlled 
movements of the scapula in the STA or apply equal forces in opposite directions 
and fix the scapula in specific position91. Individual or combined slings act to move 
and stabilize the scapula. For example, the upper trapezius and lower digitations of 
serratus anterior form an upper component with the lower trapezius, a lower 
component of a force couple producing upward rotation of the scapula. A second 
example, rhomboids, levator scapulae and upper digitations of serratus anterior form 
an upper component while pectoralis major together with latissimus dorsi form a 
lower component of a force couple producing downward rotation of the scapula. 
Finally, the deltoid forms an upper and the rotator cuff a lower component of a force 
couple that centres the humeral head within the glenoid fossa as the distal humerus is 
elevated111. Axio-scapular muscles are also recruited to control the scapula such that 
the humeral head has a stable glenoid platform on which to rotate.
Movement of the scapula on the thorax is essential for normal function of the upper 
extremity . The proper dynamic positioning of the scapula is a prerequisite for 
accurate centring of the head of the humerus in the glenoid fossa and sufficient 
clearance of the subacromial space, which allows effective arm elevation and 
overhead reaching110,2.
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2.4 Scapulohumeral Rhythm (also Called: Humeroscapular 
Rhythm)
Codman (1934)77 used the term scapulohumeral rhythm (SHR) to indicate 
coordinated proportional rotations at the GHJ and STA which are determining 
factors of humeral abduction and flexion. On clinical basis, this dynamic relation of 
SHR is valuable as its disturbance may indicate a pathological shoulder. Inman et al. 
(1944)4 reported the ratio of GHJ to STA rotations as 2:1 during the full range of 
arm elevation. In fact, there is more movement of the GHJ than STA at a ratio of 4:1 
during the first 30° of abduction and 60° degrees of flexion; then it continues at a 
ratio of 5:418,2. McClure et al. (2001)5 directly measured scapular 3-D motion during 
active scapular plane elevation and lowering in 8 healthy men and women. The 
overall ratio of GHJ to STA motion was 1.7:1. The scapula upwardly rotated 50°, 
tilted posteriorly around a medial-lateral axis 30°, and externally rotated around a 
vertical axis 24°. Lowering of the arm resulted in a reversal of these motions with a 
slightly different pattern5. Further, considerable variations in the coordinated motion 
between the GHJ and STA during overhead reaching has been reported in various 
studies114. Nonetheless, when averaged over the total arc of elevation, the relative 
contributions of GHJ and scapulothoracic joint motion were essentially and 
consistently 2:1 as reported in the literature4.
2.5 Arm Elevation and Overhead Reaching
A kinematic model that emphasises the coordinated movements of the clavicle, 
scapula and humerus was reviewed by Hurov (2009)92, and based on the work of 
Dvir and Berme (1978)2. Few 2-D and 3-D direct measurements and real-time 
tracking systems shared shoulder kinematic mechanisms in voluntary arm elevation 
in the scapular plane and overhead reaching5,9,115’116.
The chain of events during arm elevation in flexion and abduction are divided into 4 
phases117 [Figure 2-1]. Phases 1&2, the arm is elevated to 60° in flexion or 30° in 
abduction and include: (a) Elevation of the lateral end of the clavicle by 12-15°, (b) 
Scapular upward rotation by 5-15° on an anteroposterior axis, known as ‘scapular 
setting (SSy4, (c) The angle between the scapular spine and clavicle is increased by 
about 10° and is produced by an anti-clockwise rotation of the scapula around a 
vertical axis through the acromioclavicular joint.
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Phase 3 (The arm is elevated from the end of phase 1 to 90° of flexion or abduction). 
The following movements take place in addition to the movement at the GHJ: (a) 
Further elevation of the distal end of the clavicle about 30-36°, (b) No change in the 
spinoclavicular angle, (c) Scapular rotation in the anteroposterior axis takes place in 
2:1 ratio; for each 10° of glenohumeral movement, 5° of rotation takes place, (d) 
Rotation of the clavicle in its long axis has not yet commenced.
Phase 4 (The arm is more elevated overhead from end of phase 3): (a) 
Scapulohumeral rhythm continues in the same 2:1 ratio, (b) No further elevation of 
the clavicle takes place, (c) Second part of rotation of the scapula around vertical 
axis by about 10° of protraction (total increase in spinoclavicular angle is thus 20°), 
(d) Clavicular rotation in crankshaft fashion with conoid tubercle pointing downward 
about 30-40° has now taken place, (e) External rotation of the humeral head is 
necessary if elevation is undertaken in coronal plane.
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First Phase Scapular Setting (SS)4
Important
Following SS, the 
motion occurs 
mainly at the SCJ 
and contributes 
directly to 
shoulder girdle 
motion.
Upward rotation of 5° - 15° 
occurs at the ACJ and STA
It is a preparatory rotation of shoulder girdle.
It increases tension at the AC and CC 
ligaments. The clavicle and scapula moves 
together as a single piece4.
SS lasts for the first
30° of GHJ abduction 
in coronal plane.
SS lasts for the first 
60° of GHJ flexion in 
sagittal plane.
Second Phase Elevation of Clavicle13
Important
ICR is located 
to the route of 
scapular spine 
until humerus 
reaches to 
100°8.
Elevation of the lateral aspect of the clavicle 
about <10° to 45°, coupled with upward 
rotation of the scapula. This elevation occurs at 
SCJ and associates with 100° of arm elevation. 
External rotation of the humerus at GHJ starts 
and continues to end-range of arm 
elevation2,9,4,5.
Third Phase
Posterior Tilt of Scapula 
&
Further Upward Rotation
Important
ICR is transfer­
red to the ACJ 
as CC ligament 
is tight and no 
further elevation 
occurs at the 
clavicle8,9.
The scapular posterior tilt occurs between 70° 
and 90° of arm elevation and end-range of 
overhead motion, a result of 30° to 50° 
posterior axial rotation of the clavicle.
Further upward rotation of the scapula to 60°4.
Advantage
Subacromial space is widened5. Clear the 
humeral head and rotator cuff tendons from 
beneath the anterior rim of the acromion.
Fourth Phase Further Clearance of Acromion
Up to 70° of external rotation of the humerus5, 
associated with 15° - 35° of external rotation 
of the scapula4.
Advantage
Clear the greater tuberosity from beneath the 
acromion5
PHASE 1
links cIqvkI* ond stopulo
PHASE 2 
Rotation ot SCJ
PHASE 3
Clavicle rotoles about its long axis
PHASE 4
End—range GHJ motion
Figure 2 - 1: Kinematic phases of forward arm elevation and overhead reaching (adapted from92)
SCJ: sternoclavicular joint, STA: scapulothoracic articulation, AC and CC ligaments: 
acromioclavicular and coracoclavicular ligaments, ICR: Instantaneous Centre of Rotation, it refers to 
the changeable centre of upward rotation of scapula during arm elevation.
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Various methods have been used for kinematic analysis of the shoulder joint. 
However, each of these methods has limitations and disadvantages that have not yet 
been resolved. Hurov (2009)92 reviewed shoulder kinematics during overhead 
motion and brought into view that a concomitant motion of the scapula, clavicle and 
humerus was observed with different amplitudes of joint motion dependent on 
several variables such as age, gender, rate of motion, measurement techniques and 
specific tasks performed92.
The motor and neuronal control systems are facilitated by the tensioning of 
acromioclavicular and coracoclavicular ligaments that link together the clavicle and 
scapula to make a single bone-like shoulder girdle which moves only at the 
sternoclavicular joint and STA during the initial 90-100° of GHJ flexion92. The 
‘scapulohumeral rhythm’ delineates the patterned upper extremity elevation in GH 
and scapulothoracic joints. Several authors documented remarkable differences 
during overhead reaching in the direct recordings of GHJ and STA motion4,118.
Matsuki and colleagues (2011)119 compared the scapular motion in both the 
dominant and non-dominant arms in 12 healthy subjects, using 3D analysis, and 
concluded that scapular motion was dissimilar between dominant and non-dominant 
arms. The dominant scapula was rotated further downward at rest and reached 
greater upward rotation with abduction119. These differences should be considered in 
clinical assessment of shoulder pathology, for example, using the lateral scapular 
slide test (LSST) to assess the scapular resting positions and scapular position at 45° 
and 90° of arm abduction120.
2.5.1 Scapular Muscle Function and Scapular Positioning 
The Axio-scapular muscles are primarily responsible for scapular stability and 
multidirectional scapula gliding. In the initial phase of arm elevation, the UT and 
lower SA coordinate their activity in order to rotate the scapula upward in a force 
coupling mechanism121,73,122. In the mid-range of arm elevation as the arm 
approaches 70-90°, the SA and LT increases their contribution for further upward 
rotation and posterior tilt of the scapula5,123. Towards the end-range of arm elevation 
the SA, UT and LT are equally active121,73. Posterior tilt and external rotation of the 
scapula require further investigation61. The RM and LS are primary stabilizers of the 
scapula and function as scapular adductors (retractors), downward rotators and 
elevators.
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2.5.2 Muscles Crossing the Glenohumeral Joint and Centring of 
the Humeral Head
The rotator cuff muscles, including the SSP, ISP, Tm and SUBS, maintain the 
congruent contact between the humeral head and the glenoid fossa, as described in 
GHJ stability (Section 2.3.2). The LD and TM in addition to the ISP, SUBS and BB 
act as depressors and minimize upward and anterior translations of the humeral head 
during mid-range of arm elevation124.
2.5.3 The Deltoid Muscle
The deltoid muscle also functions with the SSP muscle to produce a smooth 
elevation of the humerus during all phases of GHJ elevation125,4,126. However, after 
the initial 30-60° of arm elevation, the SSP becomes less effective and the deltoid 
becomes the major contributor to this action10. Kronberg (1990)127 and others 
emphasized the importance of deltoid and SSP as primary abductors of the 
shoulder " . Based on a cadaveric model representing upper limb anthropometry
and muscle lines-of-action, Jay and Ackland showed the capacity of deltoid and 
rotator cuff muscles to accelerate the glenohumeral joint when the elbow is in 
flexion131. Although several studies on the shoulder complex consider upper limb 
motion with the elbow full extended elbow flexion is required during most
activities of daily living133.
2.6 Normal Variations in the Assessment of Shoulder Function 
Different measurements are used to assess shoulder function, including range of 
motion, muscle strength, functional performance, posture and self-reported function 
and quality of health. It is important to understand the relationship between various 
measurements of function/disability in persons without shoulder problems and tent 
of deficit or recovery.
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2.6.1 The Range of Motion
Studies on range of motion (ROM) and its relationships to age, gender and 
dominance revealed conflicting results134"136. Gender-related effects were described 
with minimal differences by Murray et al. (1985)137, while Barnes et al. (2001)135 
observed greater ROM in women than men. Women had a significantly higher range 
of motion than men in external rotation within 40-59 year age group138. Subjects 
over 60 years experienced a decreased ROM but not in all shoulder movements135. 
However, the specific shoulder movements affected by age are inconsistent between 
studies. Joint mobility among normal individuals varies widely between different 
ethnic groups. Negroes and Indians have a greater range of joint movement than 
Caucasians139. Age and sex variations have also been recorded140. Diminished joint 
mobility becomes pronounced with ageing. Females have a greater degree of joint 
laxity than males of the same age. Kirk et al. (1967)141 reported musculoskeletal 
complaints in individuals with joint hyperlaxity but no other findings of hereditary 
connective tissue disorders. Al-Rawi et al. (1985)140 found greater joint hyperlaxity 
in Iraqi university students compared to retrospective groups of other nationalities 
[Table 2-3].
Table 2-3: Mobility scores in 103 female UK University students compared to similar data in 587
Iraqi University students140.
Joint hypermobility level was given a score between 0 and 9 utilising the methodology illustrated by 
Beighton (1973)142. A sore between 0 and 3 (group A) indicated no sign of joint hypermobility 
(normal). A score between 4 and 6 (group B) as well as 7 and 9 (group C) were representative of
varying grades of joint hypermobility.
Group A
(scores of 0-3)
Group B
(scores of 4-6)
Group C
(scores of 7-9)
UK females 72/103 25/103 6/103
(69.9%) (24.3%) (5.8%)
Iraqi females 361/587 185/587 41/587
(61.5%) (31.5%) (7.0%)
Al-Rawi et al. (1985)140 used the scoring system illustrated by Beighton (1973)142, 
who used a modification of the Carter and Wilkinson grading system143. Patients 
were provided with a 0-9 numerical score for the assessment of joint hypermobility 
degree. One point was given for the competence to complete each of these tests: (1) 
The little finger passive dorsiflexion beyond 90°. (2) The thumb passive apposition
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to the forearm flexor aspects. (3) The elbow hyperextension beyond 100°. (4) The 
knee hyperextension beyond 10°. (5) The trunk forward flexion with the knees in a 
straight position, hence allowing the palms of the hands to rest on the floor. 
Furthermore, the association between the arthralgic symptoms and joint mobility as 
well as musculoskeletal symptoms was assessed using a scale of 0 to 4. A single 
point was allocated for each positive answer to questions regarding the feeling of (1) 
pains in the hands or feet, (2) other joint pains, (3) other pains in the limbs apart 
from those in hands, feet and joints and (4) backache142.
A score of 4 out of 9 or higher was indicative of joint hypermobility and was found 
in 38.5% of Iraqi female students compared to 30.1% of UK females [Table 2-3]. 
This indicated a higher level of joint hyperlaxity in Iraqi students in comparison with 
the corresponding UK group. In addition, a clear correlation between joint 
hypermobility and flat feet, high palate, ligamentous sprains, Raynaud's 
phenomenon, joint complaints, varicose veins and easy bruising was observed in 
students with scores of 7 to 9 more than in subjects with no joint hypermobility 
(scores of 0-3) 14°. This correlation was also seen more frequently in Iraqi university 
students as opposed to UK students [Table 2 - 3]140.
2.6.2 Muscle strength
Lack of standardization in plane of motion, shoulder position or body stabilization 
has been attributed to the varying degrees of success to define normal values for 
strength of shoulder muscles144. Gender related differences exist in strength 
documenting men stronger than women by age and weight138,145. An age-related 
decline has been observed above 60 years in strength of men. There was no 
significant correlation between strength and range of motion138.
The effects of age and dominance are less well known. It was reported in the normal 
population, age is negatively associated with isometric shoulder strength with some 
rotational strength measurements differing between dominant and non-dominant 
sides145,146,136. During voluntary isometric contractions, right-handed subjects had a 
higher rate of fatigue in the non-dominant hand with a greater decrease in median 
frequency. Left-handed subjects exhibited no significant sided difference in median 
frequency behaviour which was attributed to a high ambidexterity level147. Daily
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preferential use was shown to alter physiological and mechanical properties of 
skeletal muscle. Lower average firing rates, lower recruitment thresholds and greater 
firing rate/force delay in the dominant hand was reported in the preferentially used 
muscle. It was attributed to a lifetime of preferred use causing adaptations in fibre 
composition of dominant muscle and increasing the mechanical effectiveness of 
motor units148. Other authors found no differences in the motor and sensory nerve 
conduction velocities for the right and left arm in right-and left-handed subjects149.
2.6.3 Posture
Cureton (1941)150 was probably the first to quantitatively document the postural 
relations of the head and shoulders of young men using photographic 
measurements151. The physical appearance of the head, neck and shoulders is a 
principal subject in the debate of human posture152. Evaluation of head and shoulder 
posture has been commonly considered the profile alignment of body parts with 
respect to the trunk. Other postural correlates were described without quantitative 
verification, as a forward head related to an extended upper cervical spine, or to 
protracted shoulder girdles and a kyphotic thoracic spine, or less widely of hand 
preference being related to coronal plane shoulder asymmetry153. The data on age 
related anterior tilt of the head in respect to the trunk in the sagittal plane is 
conflicting and with very limited with objective measurements. Raine and Twomey 
(1997)154, who reported head and shoulder posture variations in 160 healthy women 
and men, found that age was not significantly related to the tilt of the head in the 
sagittal plane.
The effect of gender on head posture is still unclear but both sexes demonstrate a 
more forward head position155. Raine and Twomey (1997)154 reported that head and 
shoulder posture was similar between genders. Limited information is available on 
gender effect with shoulder alignment but baseline data indicates women to be more 
round-shouldered than men156. A relation between the sagittal plane features of a 
forward head, forward shoulders, and increased thoracic kyphosis has also been 
described anecdotally in the literature but no significant statistical correlations have 
been demonstrated154,151.
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2.7 Prevalence
Pain in the shoulder region is a common musculoskeletal problem affecting 
approximately 10% to 40% of the population36,34,157. Approximately 54% of patients 
report ongoing pain after 3 years48. In The Netherlands, a large population survey of 
musculoskeletal symptoms revealed 21% of respondents were suffering from 
shoulder pain at the time of questioning36. The British Tameside study found a lower 
but still substantial estimated prevalence of 14%34. In several countries, the one year 
prevalence is estimated to be 20-50% and the lifetime prevalence is one in three158. 
Only about 40-50% of people with shoulder pain consult a primary care physician or 
general practitioner. Studies from primary care show that one year after a first 
consultation, 50% of patients report that their symptoms have persisted or recurred37.
The most frequent cause of shoulder pain is SIS accounting for 44 to 60% of all 
complaints of shoulder pain seen in a visit to a doctor37,38. SIS is also one of the 
major causes of chronic disability in the shoulder46. Moreover, approximately one- 
fifth of all disability payments are for patients with shoulder disorders159. Swedish 
insurance data shows that 18% of disability payments made for musculoskeletal 
disorders was spent on neck and shoulder problems159. Roquelaure and colleagues 
(2006)160 conducted an epidemiological surveillance of upper-extremity 
musculoskeletal disorders in France and identified SIS as the most common upper 
extremity painful condition in the working population.
Based on shoulder activities in work and sports, further epidemiological studies have 
revealed a prevalence of impingement of 5—20% in some occupations including 
welders, plate workers and slaughterhouse workers161, and a prevalence among 
competitive overhead athletes of 10-30%162. Musculoskeletal complaints in the 
neck-shoulder region increase with age and are reported by women more commonly 
than men163. However, Milgrom et al. (1995)164 found no statistically significant 
difference in the incidence of impingement findings between dominant and non- 
dominant arms or between genders. Smokers and those exposed to previous smoking 
may develop shoulder pain, while heavy manual workers and those adopting a 
forward flexion posture for long hours are at high risk165. Thus, shoulder pain is 
widespread and imposes a considerable burden on the affected person and society.
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2.8 Classification
Neer (1983)81 proposed a staging system, progressing from a reversible lesion, to a 
frank partial or complete tear of the rotator cuff [Table 2 - 4]. It was later realized 
that impingement in patients aged younger than 50 years may not be true 
impingement as defined by Neer’s stages but secondary to instability21.
However, almost 40 years after Neer’s publication, the aetiology and pathogenesis of 
SIS still remains unclear and numerous authors166,67 have challenged Neer’s original
claim. It appears that SIS is a multifactorial condition whose symptoms may be
attributed to a large number of causes.
Table 2 - 4: A staging system of pathologic changes in impingement81
Stage Age group Pathologic change
I Under 25 years Oedema and haemorrhage in the rotator cuff tendon 
and bursa with overhead use in sports or work
II 25 - 40 years Degeneration and fibrosis of the tendons and bursa.
III Over 40 years Bone spur
Partial or full thickness tear of the rotator cuff 
tendon
In an attempt to develop a classification system with precise categorization of 
patients with shoulder impingement, several risk factors that interact and influence 
the pathogenesis of SIS should be considered [Figure 2-2]. These include:
(1) Environmental-related factors: Trauma, occupational, recreational and lifestyle 
risk factors are highly influenced by the surrounding environment.
(2) Individual Central factors: Central nervous system, the effect of ageing and pain 
are risk factors that affect motor control.
(3) Individual shoulder-related factors
a. Intrinsic factors: A primary pathology starting in the rotator cuff muscles 
or biceps brachii tendons, for example, inflammatory or degenerative 
lesions.
b. Extrinsic factors: Including anatomical (static) alterations as degenerative 
bony changes in the acromion, coracoacromial arch and
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acromioclavicular joint. Dynamic factors include alterations in 
scapulothoracic joint/GHJ kinematics, neuro-muscular activation 
imbalance and faulty posture.
2.9 Pathogenesis and Risk Factors of Subacromial Impingement
Syndrome
2.9.1 Environmental Factors
2.9.1.1 Trauma
An identifiable traumatic event may be a presenting factor in patients with SIS and 
found more commonly in overhead athletes than in other patient groups. Some 
patients may report a major or trivial injury that precedes their shoulder pain, for 
example, direct impact on the shoulder, falling down on an outstretched hand, a neck 
injury or a seat-belt injury. Some patients with a whiplash injury may present later 
with shoulder pain and a group of them responds to the treatment of SIS if diagnosed 
early. That is not usual as the diagnosis is often overlooked and the pain at the 
shoulder is attributed to the neck167,168. Abbassian and Giddins (2008)169 reported 
that 26% of 220 patients with whiplash injury had developed shoulder pain and 5% 
were treated for SIS.
2.9.1.2 Overuse
Athletes are frequently challenging their own capacity with an attempt to achieve 
higher performance. They may expose their muscles and tendons to extreme tension. 
If the rotator cuff is directly involved, inflammation and oedema may follow to 
compromise the potential subacromial space leading to friction with the acromion 
and coracoacromial arch and SIS ensues170,63. In tennis players, shoulder motion is 
highly dynamic and exceeds the physiological limits that may lead to dysfunction of 
the scapular and scapulohumeral muscles either due to direct injury or secondary to 
pain induced muscular inhibition171. Further inflexibility, weakness and imbalance of 
the muscles may lead to scapular dyskinesis in tennis players 5 . Resistance
training exercises with the rotator cuff in unfavourable positions during pushing or 
lifting may induce shoulder injury, joint instability and muscle imbalance that may 
lead to further shoulder dysfunction174,175.
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Figure 2-2: Risk factors that interact and influence the pathogenesis of subacromial impingement
syndrome
2.9.1.3 Occupation
In a systematic review of 29 studies, van der Windt and his colleagues (2000)176 
identified two groups of occupational-related risks for shoulder pain. The physical
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risk factors included carrying or lifting heavy loads, working in awkward postures, 
engaging in repetitive movements, being exposed to vibrations and performing 
similar work for prolonged periods. In certain occupations of heavy manual and 
repetitive work the risk developing SIS approaches 5-20%. Psychosocial risk factors 
included mental stress, job pressure, control at work, social support, and job 
satisfaction. Nearly all studies that assessed work related psychosocial risk factors 
reported at least one positive association with shoulder pain.
2.9.1.4 Lifestyle
Environment and lifestyle are far more important than genetics in regard to 
functional performance and ageing. A direct relationship exists among negative 
lifestyle choices, shoulder pain and loss of function. Buchman and colleagues 
(2007)177 suggest that higher levels of physical activity are associated with a slower 
decline rate of motor performance in older people. Kane et al. (2006)178 found a 
significant correlation between cigarette smoking and microscopic changes in the 
rotator cuff. In 2010, Kane and colleagues179 emphasized the relationship between 
cigarette smoking as well as elevated cholesterol and reduced function of the 
shoulder. If an association between lifestyle and shoulder function could be shown, 
then behavioural modifications may be able to prevent some types of shoulder 
pathology and thereby improve a patient’s shoulder health and quality of life.
2.9.2 Central Factors
2.9.2.1 Motor System
The importance of the central nervous system (CNS) is reflected by the neurological 
predisposition of muscles to exhibit predictable changes in tone, and the importance 
of proprioception and afferent information in the regulation of muscle tone and 
movement. Therefore, chronic musculoskeletal pain requires integrated functional 
assessment and treatment that focus on the sensorimotor system rather than the 
musculoskeletal system itself180. Additionally, the human body maintains 
homeostasis by inducing compensations and adaptations not only at the site of 
changes but also elsewhere in the system181. Some studies on the timing or onset of 
muscle recruitment demonstrated alterations in the unaffected as well as the painful 
shoulder182’73, indicating the possibility of a system integrated response48. In 
response to pain or damage, signals from nociceptive receptors may influence both 
peripheral and central motor, which in turn lead to changes in muscle tone. For
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example, experimental muscle pain involving the UT induces reorganization in the 
coordinated activity of the three subdivisions of the trapezius in repetitive dynamic 
tasks183.
Further supportive evidence of the involvement of the central nervous system in the 
pathogenesis of SIS is the growing research suggesting that referred pain, 
hypersensitivity to peripheral stimuli and neuropathic pain in patients with SIS 
represents peripheral manifestations of ‘central sensitisation’184, which will be 
elaborated in the section of pain (section 2.9.2.3).
2.9.2.2 Ageing
Ageing is an inevitable process associated with decline in function. The muscle 
strength and bone mass may show gradual decrease in their properties by the fourth 
decade of life, as physical reserves likewise decline. In general, function and 
independence decrease when the demands of the task outstrip the individual’s 
reserves. The annual decline in muscle strength of the elderly ranged from 1.4 to 
5.45%, depending on the muscle group and the angular velocity185’188.
In contrast to type I muscle fibres and capillarization, reduction in muscle strength 
and area of type II muscle fibres have been reported with ageing189. Variations in 
percentage of reduction are widely observed in the literature. Motor performance 
reflects the function of a large number of cortical and subcortical structures 
necessary for the planning and execution of movements, whereas muscle strength 
may predominantly reflect motor unit and muscle function177. Although the causes of 
age-related motor decline are poorly understood, Frontera (2003)168 and Buchman 
(2007)160 highlighted the significance of physical activity as a modifiable risk factor 
and demonstrated that higher physical activity slows the reduction rate of motor 
control and muscle functionality in the elderly.
2.9.2.3 Pain
Functional implications of pain are evident from daily life, where pain from joints 
and muscles affects motor performance. Potentially, the interactions of pain to motor 
function and motor function to pain are interconnected in a mechanistic manner.
Central Sensitisation: A high proportion of patients with impingement awaiting 
subacromial decompression have referred pain, paraesthesia and increased sensitivity 
to pain radiating distally to the forearm190. In more than a half of those patients, this
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neural type of pain resolves following successful decompression191. This type of pain 
represents a peripheral manifestation of augmented central pain processing, ‘central 
sensitisation’184. The presence of free nerve endings containing substance P and 
calcitonin gene-related peptides in the subacromial space may be the source of the 
nociceptive outputs192. These observations confirm the presence of central 
sensitisation in a higher number of patients with shoulder pain associated with 
impingement .
Muscle activity strategy: Pain may induce alterations in the strategy and 
coordination of muscle activity. Experimentally induced pain studies revealed the 
alterations of muscle activity in response to induced acute pain194,195. Injection of 5% 
hypertonic saline into the supraspinatus muscle produced a significant decrease in 
activity of the AD, UT and infraspinatus, but an increase in the activity of LT and 
LD muscles during abduction, a strategy aimed to reduce tension on supraspinatus 
muscle196. An increased muscle activity was also seen in the LT, SA and LD muscles 
following subacromial injection with 5% hypertonic saline196. Bandholm and 
colleagues (2006)47 documented a reduction in isometric force generation of 
shoulder abduction in patients with SIS with changes in shoulder abduction muscle 
activation strategy in some patients. In 2008, Bandholm and colleagues197 induced 
experimental pain in the shoulders of 9 healthy subjects. They found a similar 
reduction in isometric force generation of the shoulder abduction between SIS 
patients and the healthy subjects, while the EMG alterations in muscle activation 
were different. “A possible explanation is that even though the adopted experimental 
pain-paradigm may reflect the SIS in terms of the painful structures, but it might not 
reflect the adaptations in the central nervous system seen with chronic pain” 
(Bandholm et ah, 2008, p. 643)197.
Models of Pain—Motor Interaction: The dysfunction that occurs in the 
neuromuscular system in the presence of pain is extremely complex. It is not clear 
whether shoulder motor function impairment in SIS patients is due to the pain 
condition per se, or the pathological/inflammatory changes, or disuse of the affected 
shoulder. Hence, musculoskeletal pain has been proposed by several authors to 
disturb motor control and several models have been proposed in an attempt of 
clarification. The ‘vicious cycle model’ is characterized by enhanced activity of the 
muscle spindle system, muscle spasm, metabolite production, more pain, further
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increased hyperactivity and stiffness which continues as a vicious circle198,199. A 
second model involves a decreased rather than increased activity in the affected 
muscle, while EMG shows evidence of some hyperactivity in the antagonist muscle 
‘pain-adaptation model’22. The third one shows loss of selective activation and 
inhibition of certain muscles that perform key synergistic functions, leading to 
altered patterns of neuromuscular activation ‘neuromuscular activation model’.
Chronic pain patients frequently display pain behaviours and functional disability at 
a level far exceeding that to be predicted on the basis of known organic pathology. 
Furthermore, pain-related fear and avoidance are important features that lead to the 
development of chronic problems such as refusal to move, progressive weakness and 
stiffness in patients with musculoskeletal pain. Lethem and his colleagues (1983)29 
described a fear-avoidance model explaining that confrontation leads to the fear 
reduction with time and avoidance maintains and exacerbates fear leading to a 
phobic condition. Subsequently attention has been directed toward psychological 
factors involved in the development and continuation of fear and chronic pain 
problems200.
Depression is observed to be a frequent companion to a chronic pain syndrome201. 
Depressed individuals are often noticed to complain of various pain types202 and the 
severity is a predictor of poor treatment response for chronic pain203.
2.9.2.4 Muscle Imbalance
The relationship between individual muscles or groups of muscles in terms of 
contraction and coordinated muscle activity are maintained within normal variable 
limits in order to maintain stability and function. Impairment in this relationship due 
to sensorimotor disorders may lead to muscle imbalance and dysfunction204'206. 
Ageing, weakness, fatigability, overuse injury, pain inhibition and several systemic 
disorders may lead muscle imbalance193. The result is either a diminished 
participation of the other muscle that leads to disuse atrophy, or excessive motion in 
the direction of another action produced by the dominant muscle207. Muscle 
imbalance is increasingly recognised in the aetiology of SIS. The coupling forces, for 
example between trapezius, SA, LS and rhomboids, which maintain the stability of 
the scapula and its controlled movement with the humerus may be impaired because 
of muscle imbalance. The scapula reveals alterations in its upward rotation, posterior 
tilt and external rotation leading to narrowing of the subacromial space and
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^9 9f)R 1 f\impingement 5 ’ . Poor movement habits and faulty postures also predispose to
shoulder impingement because of alterations on the tensile forces of the muscle and 
muscle imbalance, for example, increased activity in UT and reduced activity in
g^209,210
2.9.3 Local Factors
Other local intrinsic and extrinsic factors were reviewed in the literature and 
summarised in Table 2-5.
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Table 2-5: Local factors In the pathogenesis of SIS
Category and Sub-Category Reference
Intrinsic Factors
1. Rotator cuff overuse Jobe and Jobe (1983)211Meister and Andrews (1993)212
2. Rotator cuff degenerative tendinopathy Ozakietal. (1988)213
Extrinsic Factors
1. Primary impingement
a. Acromial bone spurs Neer (1972)46
b. Os acromiale Edelson , et al. (1993)214Hutchinson et ai. (1993)84
c. Coracoacromial ligament Soslowsky et al. (1994)215
d. Posterosuperior glenoid impingement Jobe, et al. (1997)166Riand, et al. (1998)216
2. Secondary impingement
a. Secondary tensile disease Meister and Andrews (1993)212
b. Secondary compressive impingement Warner et al. (1990)68
c. Restricted glenohumeral capsule Harryman et al. (1990)74Matsen and Arntz (1990)217
d. Functional scapular instability (scapular 
dyskinesia, muscle imbalance)
Kibler (1991)218
Kibler, et al. (1998)18
Warner et al. (1992)219
e. Posture
Ayub (1991)220
Bowling et al. (1986)209
Cailliet, (1991)207
Solem-Bertoft el al. (1993)72
2.10 Pathomechanics of the Scapulothoracic Articulation
One or several factors of those described in section 2.9 could be involved to produce
alterations in the normal mechanics of the scapulothoracic articulation (STA) as
illustrated in Figure 2-3.
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Shoulder
\-------------
Any painful condition 
Lund et al. (1991)22 
Lethem et al. (1983)29 
Verbunt et al. (2005)30
At or around the shoulder joint
Physical stress 
Repetitive motion 
Cohen (1998)17
i
Weakness / Imbalance
Affinity to / induced fatigue 
Chopp et al, (2011)24
Alterations in GHJ 
stabilizers and 
movers
(See section 2.10)
Alterations in function of
◄----- scapular-positioning muscles
Kibler (1998)18 
Kuhn fl995)26
• Abnormal positioning of the scapula
• Disturbances in the SHR
• Scapula glides more laterally
• Shoulder dysfunction ‘Dyskinesis’
Kamkar et al. (1993)25
Lower stabilizers of the scapula 
mostly weak or inhibited 
SA, RM, LT, MT 
Voight et al. (2000)15
4
Proprioceptive deficit 
Machner et al. (2003)6
l
A decrease in position sense 
leading to impaired 
coordination 
Voight et al. (2000)15 
Carpenter et al. (1998)28
During both GHJ flexion and abduction, deficit in SA and 
LT force coupling lead to decrease in one or more of the 
following:
• Scapular upward rotation 
Ludewig and Cook (2000)19
• Scapular posterior tilt 
Ludewig and Cook (2000)19 
Lukasiewicz et al., (1999)32
• Scapular external rotation 
Ludewig and Cook (2000)19
• Acromial clearance
• Shoulder abduction
secondary impingement 
Kamkar et al. (1993)25
Scapular dysfunction leading to further shoulder injury 
Kibler (1998)18 
Kuhn et al. (1995)26 
Glousman et al. (1988)221 
Chopp et al. (2011)24
Figure 2-3: Scapulothoracic articulation (STA) pathomechanics could lead to subacromial
impingement syndrome.
GHJ= glenohumeral joint, SHR= scapulohumeral rhythm, SA= serratus anterior, RM= rhomboid 
major, LT= lower trapezius, MT= middle trapezius.
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2.11 Pathomechanics of the Glenohumeral Joint 
The alterations in the mechanics of the GHJ are precipitated by a single or several 
pathogenic and risk factors (section 2.9). In addition, any change in normal STA 
control leads to insufficient tension in the muscles crossing the GHJ, poor force 
coupling control, humeral head translation and loss of centring. Thus, these are 
leading to serratus anterior muscle space narrowing, impingement and further 
abnormal GHJ movements [Figure 2-4].
Shoulder
At or around the shoulder joint
Any painful condition 
Lund et al. (1991)22 
Lethem et al. (1983)29
I
Physical stress 
Repetitive motion 
Cohen (1998)17
4
Affinity to / induced fatigue 
Chen et al. (1999)20 
Royer et al. (2009)2i
Weakness / Imbalance
Alterations in deltoid
Kronberg et al. (1997)7
Atrophic changes and 
infiltration with 
connective tissue
Alterations in the function of 
the scapular-stabilizing muscle 
Kibler (1998)18 
Kuhn (1995)26
Disturbance in deltoid and rotator 
► cuff synchronized co-activation 
Myers et al. (2009)3 
Reddy et al. (2000)10
4
Rotator cuff/deltoid force
couple disturbances ^___
Page et al. (2011)16
4
Humeral head translation 
during dynamic arm elevation 
(particularly at range 45-90°). 
Ludewig and Cook (2000)19
Alterations in 
► rotator cuff
Weakness
Proprioceptive deficit 
Machner et al., (2003)6
Impaired coordination 
Voight et al. (2000)15 
Carpenter et al. (1998)28
of inferior
muscles as 
infraspinatus 
Labriola (2005)23
Deutsch et al. (1996)
Superior translation of 1 -5 mm. Anterior translation of about 3 mm.
Narrowing of subacromial space and inflammation or degeneration 
of subacromial soft tissue including rotator cuff 
Poppen and Walker (1976)11 
Thompson et al. (1996)14
Subacromial impingement syndrome 
Ludewig and Cook (2000)19 
Deutsch et al. (1996)27 
Paletta et al. (1997)31
Figure 2-4: Glenohumeral joint (GHJ) pathomechanics leading to subacromial impingement
syndrome.
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2.12 Upper Body Posture
Forward head posture (FHP), forward shoulder posture (FSP)222 and altered scapular 
kinematics and muscle activity19 were reported in patients with SIS [Figure 2-5].
Faulty Posture
Increased ^ ^ Increased ^ ^ Increased
thoracic * ^ FHP ^ ^ FSP
kyphosis
Impaired normal 
preparation as upper 
thoracic spine 
extension, ipsilateral 
rotation and lateral 
flexion
Increased 
tension of 
scapulo-thoracic 
muscles
Shortening of 
pectoralis 
minor
Altered position 
and limited ROM of 
scapula
Altered scapular 
kinematics
High scapula 
"Elevation"
Altered GHJ 
kinematics
▼
Altered muscle 
activity
Muscle
imbalance
Reduced
scapular
upward
rotation
Reduced scapular 
posterior tilt 
(tendency for 
anterior tilt
Reduced scapular 
externa] rotation 
(tendency for 
protraction)
Reduced subacromial space
Subacromial Impingement
Figure 2-5: Progressed faulty posture and changes leading to subacromial impingement syndrome.
FHP= forward head posture, FSP=, forward shoulder posture, ROM- range of motion, GHJ= 
glenohumeral joint.
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2.13 Clinical Assessment
SIS is a common diagnosis, but it is probably over-diagnosed as the primary 
aetiology of pain in the anterosuperior part of the shoulder. The accurate diagnosis is 
mandatory though may be difficult because the anatomy and function of the shoulder 
are complex and the clinical presentation may be highly variable65. The clinical 
decision-making depends on a thorough collection of subjective data and objective 
findings in order to establish good differential diagnosis of functional impairment of 
the shoulder and reach a well-defined diagnosis in patients with functional 
impairments of the shoulder223.
2.13.1 History
Impingement syndrome is more common over the age of forty years. In younger 
patients, shoulder pain may be associated with subtle instability of the GHJ; 
therefore diagnosis must be made with caution170. The occupation, handedness of the 
patient, the onset, duration, timing, severity, quality, exacerbation, and relief of the 
symptoms are important differentiating factors.
Table 2-6: History and physical examination of patients with subacromial impingement syndrome.
Characteristics of pain Clinical Examination
Onset and Duration
• Insidious onset
• Chronic progress during several months.
LOOK (from front, side and back)
Scars, discoloration, swelling, prominence, 
deformity and musde atrophy.
FEEL
Specific points of tenderness (for example:
ACJ and anterior to aaomion)
Position of maximal pain
• Anterior to aaomion
• Lateral to acromion
MOXT
Flexion, extension, abduction, horizontal 
adduction, internal and external rotation are 
assessed for limited range and asymmetry in 
motion during:
Active ROM
Passive ROM
Character
• Dull, aching, pricking
• Severe, crunching, stabbing
Timing
• Day-time pain
• Night pain
TEST for muscle strength
Manual tests for muscle strength
Using amyometer for isometric or isokinetic 
contraaionAggravating factors
• Movements during daily activity, job and 
recreation.
SPECIFIC TESTS
Tests for impingement and disintegrated RC 
Tests for labral deficit and tendonitis of long 
head of biceps
Tests for GHJ instability.
Relieving factors 
• Reduced a:tivity and rest
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2.13.1.1 Pain
Shoulder pain is the most common symptom of 
gjSl81,224,82,65. A good history-taking of pain is
very helpful to approach the diagnosis. Important 
characteristics of pain including the onset, 
duration, position of maximum pain, pain 
character, timing, aggravating and relieving 
factors [Table 2 - 6]. Night pain, which is related 
to increased pressure in the subacromial space225 
is typical, while daytime pain is related to arm 
elevation and overhead activities226. The 
structures most often irritated and inflamed with
SIS are the rotator cuff muscles, the long head of the biceps, the subacromial bursa. 
Pain that originates from pathology in these subacromial structures tends to be 
difficult to localise, is usually felt in the deltoid region and may radiate to the arm as 
far as the elbow227. It is usually elicited between 70 and 120° of abduction65. This 
sector is called the ’painful arc’ [Figure 2 - 6]1.
Figure 2-6: Painful Arc (taken from1,2)
2.13.1.2 Weakness and Loss of Motion
Weakness and loss of motion of the shoulder may also be present, but these 
symptoms are usually secondary to pain65. Pain caused by impingement may also 
propagate weakness by reflex inhibition of the muscles and wasting. However, it has 
been verified by isokinetic strength measurements that prolonged impingement 
syndrome leads to a real decrease in shoulder muscle strength69 228.
2.13.2 Clinical Examination
The systematic shoulder examination includes look, feel, move and test as a routine 
approach in every patient and usually extends to assess the cervical spine, upper 
extremity and neurovascular status [Table 2 - 4], Clinical examination, although 
having great importance, may not be sufficient for appropriate diagnosis. Clinical 
tests for the shoulder are sensitive but not specific for one particular shoulder 
condition228,43. The sensitivity of diagnosis of SIS by physical examination was 73% 
in 45 patients with shoulder pain who had the certain diagnosis by arthroscopy229. 
More than 20 clinical diagnostic tests exist in clinical practice to approach the
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diagnosis of SIS [Table 2 - 7, 2 — 8 and 2 — 9]. However, we found only a few 
studies investigating diagnostic accuracy of these tests in the literature228,230,231,43.
2.13.3 Muscle Strength (Isometric Maximum Voluntary 
Contraction)
Muscle strength is the ability to develop tension by a muscle during muscle 
contraction irrespective of the mode of testing (isometric, isotonic or isokinetic 
contraction), the muscular contractile velocity (slow vs. fast), or the type of muscle 
contraction (isometric, concentric, eccentric). Musculoskeletal disorders have been 
identified as one of the major risk factors for long-term sickness absence232. 
Shoulder impingement is usually associated with muscle weakness that may be 
related to pain or disuse atrophy rather than RC tear233,234. The association between 
muscle strength and musculoskeletal disorders, such as low back and neck/shoulder 
symptoms has been reported235. Men have higher muscle mass and are stronger than 
women, which predicts the possibility of higher susceptibility of women to 
musculoskeletal disorders. On the contrary, other studies have not found a protective 
effect of high muscle strength on musculoskeletal disorders236, as well as men show 
a greater loss of skeletal muscle mass with ageing as compared with women possibly 
due to hormonal factors including growth hormone, insulin-like growth factor, and 
androgens237,238.
The most common indication for strength testing is to determine whether, and to 
what extent, myoneural dysfunction exists. Manual muscle testing, though claimed 
for its subjectivity, is still widely used today to assist in patient assessment and 
diagnosis239. Objective assessment of strength provides information on integrity and 
function of the RC and is used to gauge the recovery of muscle function following 
intervention.
Quantitative measures of isometric240,241,144,239 and isokinetic242,69 strength have been 
described to dictate the functionality of muscles in different muscle actions. 
Nottingham Mecmesin myometer is a reliable tool for measuring strength isometric 
contraction. A Cybex dynamometer is frequently used with isokinetic tasks. The 
importance of muscle strength has been confirmed in that shoulder strength has been 
shown to be related to general health status in persons with shoulder pathology. 
Celik and colleagues (2011)49 evaluated twenty patients with mean age 48.15-17-5.9 
years with Stage I (oedema and haemorrhage) and II (degeneration and fibrosis) SIS,
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as described by Neer (1983)81, for the effect of pain on muscle strength. Using a 
handheld dynamometer, they found that middle trapezius, SA, supraspinatus and AD 
muscle strengths of the shoulder with positive impingement signs were significantly 
lower than in the healthy opposite side. The lower strength was highly correlated 
with the pain score using the self-reporting questionnaire Constant-Murley score 
(mean = 57.46), the visual analogue scale (VAS) (mean = 6.85), and face score in 
shoulders with SIS243.
2.13.4 Clinical Tests
SIS exists as an association of various pathological processes around the shoulder 
each exhibiting different clinical signs and symptoms65. A meta-analysis on the 
accuracy of such tests indicates that physical examination may be useful at ruling out 
rotator cuff disorders (high sensitivity) but less accurate at specifying the exact 
structure at fault (low specificity)244.
A clinical test should discriminate sick and healthy people to be called a diagnostic 
test. Table 2 — 7 indicates the clinical tests for SIS and RC tear. Many patients with 
SIS usually perceive pain when a compressing force is applied on or just proximal to 
the greater tuberosity of the humerus and rotator cuff region. Also pain may be 
aggravated with shoulder abduction in internal or external rotation. These 
manoeuvres constitute the basis of the Hawkins-Kennedy245 and Neer81 tests. 
Zachazewski et al. (1996)246 reported that RC tendons were impinged under the 
acromion with Hawkins test and lower surface of the same tendons were impinged in 
anterosuperior part of glenoid margin with the Neer test. Ure et al. (1993)229 found 
that Hawkins-Kennedy test sensitivity was 62% (specificity 69%), while Neer test 
sensitivity was 46% (specificity 62%) in 45 patients with stage II SIS, by comparing 
with arthroscopy. Hawkins-Kennedy test was suggested by Bak et al. (1997)247 to 
have a higher sensitivity than Neer test for SIS. Murrell and Walton (2001)248 
prospectively studied 400 patients with and without rotator cuff tears. They 
performed twenty-three different clinical tests on each of the 400 patients, all of 
whom subsequently underwent arthroscopy. Only the tests for three clinical features 
were found to be more positive in patients with RC disease than in the control group 
(no tear) and were predictive for the disorder. These features were weakness in 
external rotation, weakness in abduction, and impingement (identified by a positive 
Neer or Hawkins-Kennedy tests)248.
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Park et al. (2005)43 reviewed the different clinical tests used in the diagnosis of SIS 
and RC tear [Table 2 — 10]. The group reported the sensitivity and specificity of 
eight clinical tests43 [Table 2—11]. Furthermore, Calis et al. (2000)249 and Park et al. 
(2005)43 reported the diagnostic accuracy for the combination of six [Table 2-12] 
and eight [Table 2-13] clinical tests respectively. Both studies concluded that 
combined tests can provide higher diagnostic accuracy (higher specificity) compared 
to individual clinical tests.
Many of the physical examination tests can be positive in the presence of other 
shoulder conditions, and the clinician should consider the results of the examination 
on the basis of the clinical presentation of the patient. The combinations of clinical 
tests are under investigation to show the most appropriate combination [Table 2-12 
and Table 2 - 13]. It is clear that the Hawkins-Kennedy and Neer tests are quite 
efficient in diagnosis of SIS as they had high sensitivities. Moreover, accuracy ratio 
of these two tests was found to be higher than the other tests. However, their 
specificity values were lower than expected; hence, lessening their discrimination 
ability. Horizontal adduction test is used to assess the posterior tightness of the 
shoulder and compression of rotator cuff against the osteoarthritic acromioclavicular 
joint . The test has been found sensitive to posterior tightness but unable to 
differentiate between capsular or rotator cuff tightness.
Yergason251 and Speed252 tests are commonly used to detect bicipital tendon 
disorders with or without SIS. In patients with stage I or II of impingement, repeated 
microtrauma or compression leads to haemorrhagic and oedematous changes in the 
long head of biceps. Biceps tendons may be thickened by fibrinoid degeneration in 
stage II SIS patients249. This may lead to over diagnosis of a primary bicipital 
tendinitis and subsequent over treatment. In a study by Young et al (2003)253, an 
orthopaedic consultant and senior registrar each examined fifty patients with rotator 
cuff disease. They reported no significant difference between the findings of the two 
examiners for any of the signs studied, which included the drop-arm test, the Neer 
and the Hawkins-Kennedy impingement signs, weakness in abduction and external 
rotation, the painful arc sign, the Speed test, the Yergason test, and the Gerber lift-off 
test. Further clinical tests [Table 2-8 and Table 2 — 9] can be used to rule out other 
shoulder problems such as shoulder instability and lesions of the labrum. The details 
of the clinical tests were included in appendix III.
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Jobe + 
N«er +• ant 
Hawkins + 
apprehension + 
(pain) ant
Jobe- 
Neer + post 
Hawkins- 
apprenhension + 
(pain) post
Relocation + 
release + (pain)
Relocation + 
release 4 (pain)Relocation-
Laxity tests 4 
apprehension 4 (appr) 
relocation 4 (appr)
SAT 4
SRT 4 ROM.
GIRD
Secondary
impingement
Instability
Rotator cuff 
pathology
Impingement symptoms
Internal posteriosuperior 
glenoid impingement
External
subacromial impingement
Figure 2-7: Algorithm for clinical reasoning in the examination of impingement related 
shoulder pain, (taken from71)
(IR, internal rotation; GIRD, glenohumeral internal rotation deficit; ROM, range of motion; SLAP, 
superior labrum from anterior to posterior tear; SAT, scapular assistance test; SRT, scapular retraction
test)
Table 2-7: Shoulder clinical tests for SIS and rotator cuff tears
Test Positive response References
Painful arc Pain with or without catch at the arc of 60° Adams (195 5)254
to 120° Kessel and Watson 
(1977)'
Hawkins Pain located to the subacromial space Hawkins and Kennedy
Rotator Cuff (1980)245
Neer Pain located to the subacromial space or 
anterior edge of acromion
Neer (1972)46
Drop arm Arm drops indicating a full-thickness RC 
tear
Lag sign external rotation A lag or angular drop occurs. The
(SSP + ISP) magnitude of the lag is recorded to the
nearest 5° Hertel et al. (1996)255
Drop sign The arm drops down from 90° abducted 
position
Lag sign internal rotation 
(SUBS)
A lag or angular drop
Full cans Pain, muscle weakness or both Kelly et al. (1996)256
(SSP strength) Itoi et al. (1999)257
Empty cans 
(SSP strength)
Pain, muscle weakness or both Jobe et al. (1983)211
Internal rotation resistance Strong external rotation and weak internal Zaslav (2001)258
strength test (IRRST) rotation
Lift-off (SUBS) Inability to move the dorsum of the hand Gerber and Krushell
off the back (1991)259
Belly-press test Unable to maintain the elbow at or anterior Ambacher and Holz
(Napoleon test) to the hand plane (2002)260
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Table 2-8: Shoulder clinical tests for instability
Test Positive response References
Load and Shift Mild 0-lcm translation
Moderate 1-2 cm translation
Severe >2 cm translation
Hawkins et al. (I988)261
Anterior Drawer
Posterior Drawer
Relative movement between the fixed 
scapula and the movable humerus 
forward or backward
Gerber and Ganz ( 1984)262
Inferior Sulcus I < 1cm
II l-2cm
III > 2cn
■Neer (1980)263
Apprehension Apprehension as a patient response Jobe et al. (1989)170
Jobe Relocation Relieve from apprehension
Surprise / Release Apprehension + pain Lo et al. (2004)264
Leffert In instability, the examiner’s index and 
middle fingers are separated as 90° 
abduction is approached
Leffert and Gumley (1987)265
Table 2-9: Shoulder clinical tests for superior labrum from anterior to posterior (SLAP ) tear
Test Positive response Paper
Anterior Slide Pain at anterior shoulder and /or pop 
or click in same area
Kibler (1995)266
Crank Pain reproduced with or without a 
click or the symptoms are reproduced
Liu et al. (1996)267
SLAP-Prehension Pain reproduced in the pronated 
position should decrease in supinated 
test position
Berg and Ciullo (199 8)268
O’Brien’s Pain elicited when the arm internally 
rotated is reduced or eliminated when 
the arm in supination
O'Brien and Pagnani(1998)269
Pain Provocation Pain is provoked only in the pronated 
position or when pain is more severe 
in this position
Mimori et al. (19 99)270
Biceps Load 1 The active elbow flexion component 
of the test relieves the discomfort of 
the apprehension test for anterior 
instability
Kim et al. (1999)271
Biceps Load 2 Elicit pain Kim et al. (2001)272
Yergasons Pain at bicipital groove area Yergason (1931)251
Speed Pain is located to bicipital groove area Bennett (1998)252
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Subacromial Impingement Syndrome (2012)
Table 2-12: Sensitivity, specificity and confidence interval values in test combinations (taken
from249)*.
Positive tests
Case
number
Sensitivity
(%)
Specificity
(%)
Accuracy
r/oj
PPV
(%)
NPV
(%)
All positive 5 4.4 97.2 31.2 80.0 29.1
At least 6 positive 31 30.3 88.8 47.2 87.0 34.0
At least 5 positive 39 38.2 86.1 52.0 87.1 36.0
At least 4 positive 74 69.6 66.6 68.8 83.7 47.0
At least 3 positive 95 84.2 44.4 72.8 78.9 44.4
* Explanatory details are provided in Table 2-10.
Table 2-13: The likelihood ratios and post-test probabilities for combining clinical tests according to 
logistic regression analysis results (taken from276).
No. (%) of Patients with
Positive Test Results
Pretest Pretest Likelihood
Ratio
Post-Test
Odds
Post-Test
ProbabilityCategory Subject Control Probability Odds
Overall impingement syndrome*
All three tests positive 61/231(26.4) 3/121(2.5) 0.65 1.86 10.56 19.64 0.95
Two of three tests positive 86/231(372) 9/121(7.4) 0.65 1.86 5.03 9.36 0.90
One of three tests positive 60/231(26.0) 35/121(28.9) 0.65 1.86 0.90 1.67 0.63
None of three tests positive 24/231(10.4) 74/121(61.2) 0.65 1.86 0.17 022 0.24
Full-thickness rotator cufftearf
All three tests positive 50/153(32.7) 4/195(2.1) 0.39 0.64 15.57 9.96 0.91
Two ofthree tests positive 53/153(34.6) 19/195(9.7) 0.39 0.64 3.57 2.28 0.69
One of three tests positive 36/153(23.5) 58/195(29.7) 0.39 0.64 0.79 0.51 0.33
None of three tests positive 14/153(9.2) 114/195(58.5) 0.39 0.64 0.16 0.10 0.09
*A total of 352 patients (231 in the subject group and 121 in the control group) who underwent all three tests (the Hawkins-Kennedy im­
pingement sign, the painful arc sifli. and the infraspinatus muscle test) were included in this analysis. The subject group included patients 
with bursitis, partial-thickness rotator cuff tear, orfulkhickness rotator cuff tear: the control group was the nonimpingement group. tA total 
of 348 patients (153 in the subject group and 195 in the control group) who underwent all three tests (the painful arc sign, drop-arm sign, 
and the infraspinatus test) were included in this analysis. The subject group included patients with a full-thickness rotator cuff tear onjy: the 
control group included patients without impingement and patients with bursitis or a partial-thickness rotator cuff tear.
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2.14 Self-Reporting Upper Extremity Function and Quality of 
Health
Self-reporting questionnaires, either joint-specific, region-specific or general health 
outcome measures, are increasingly based on terminology and concepts from the 
‘International Classification of Functioning, Disability and Health’277. Self-reporting 
questionnaires facilitates the standardized collection of subjective data as 
experienced by patients themselves; in addition, they may contain objective 
assessments to be conducted by clinicians. Regarding shoulder problems, there are 
several validated and reliable questionnaires. The joint-specific scoring systems 
include the Constant-Murley scores (CMS) and Oxford shoulder score (OSS)258. 
The upper limb-specific questionnaires contain Disability of Arm, Shoulder and 
Hand (DASH) score and the upper limb functional index (ULFI). The general 
physical and mental questionnaires involve general health status SF-12 and hospital 
anxiety and depression. The pain-specific questionnaire includes McGill pain 
questionnaire (MPQ). All together provide extensive information on impairments 
due to pain, limitation in ROM, weakness and to what extent they may interfere with 
daily living activity, recreation, job and psychosocial integrity.
2.14.1 Constant-Murley Score
The Constant-Murley Score (CMS)278 has become the most widely used shoulder 
evaluation instrument in Europe. This scoring system combines physical 
examination tests with subjective evaluations by the patients. The subjective 
assessment consists of 35 points and the remaining 65 points are assigned for the 
physical examination assessment.
The subjective assessment includes a single item for pain (15 points) and 4 items for 
activities of daily living (work 4, sport 4, sleep 2, and positioning the hand in space 
10 points). The objective assessment includes range of motion (forward elevation, 10 
points; lateral elevation, 10 points; internal rotation, 10 points; external rotation, 10 
points) and power (scoring based on the number of pounds of pull the patient can 
resist in abduction to a maximum of 25 points). The total possible score is therefore 
100 points.
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2.14.2 Oxford Shoulder Score
The Oxford Shoulder Score (OSS) is a condition specific questionnaire. It was 
published in 1996 to deal with patients’ perception about shoulder surgery other than 
stabilization. As a patient-based measure, it was found reliable and internally 
consistent to assess medium term outcomes (6 months - 4 years) following shoulder 
surgery for rotator cuff disorders279,280. Cloke and colleagues (2005)281 compared 
OSS, SPADI and SF-36 for their agreement, sensitivity to clinical change and 
reliability in 110 patients with SIS. According to their results, they support the use of 
OSS in patients with SIS,
OSS consists of 12 questions exploring pain (4 questions) and function (8 questions). 
Each item was originally scored from 1 to 5, from least to most difficulty or severity, 
and combined to produce a single score with a range from 12 (least difficulties) to 60 
(most difficulties)282. More recently, changes to the method of scoring have occurred 
with each question in OSS being scored 0—4, with four representing the best (this is 
the opposite direction from the original method of scoring). When the 12 items are 
summed, this produces overall scores from 0 to 48 with 48 being the best outcome 
(to convert the old system of 60—12 to the 0-48 scoring system and vice versa simply 
subtract the score from 60)283. The internal consistency of this test was measured 
using Cronbach a, with correlation coefficient of 0.89 at the preoperative assessment 
and 0.92 at 6-month follow-up. The coefficient of test-retest reliability was 
calculated as 6.8 using the Bland and Altman method. The validity of this 
questionnaire was established by obtaining significant correlation with CMS, Short 
Form (36) (SF-36) and Health Assessment Questionnaire284.
2.14.3 Disability of Arm, Shoulder and Hand
The Disability of Arm, Shoulder, and Hand (DASH) questionnaire is a standardized 
questionnaire that assesses the symptoms and functional status in people with 
different upper extremity musculoskeletal disorders285. The questionnaire consists of
3 sections: Symptoms, Sport and Music, and Work. The first section is composed of 
30 items and evaluates symptoms and functional status at the level of disability. The 
second and third sections are an optional module of 4 items for Sport and Music and
4 items for Work. Each item is scored with a 5-point scale: 1 = no difficulty; 2 = 
mild difficulty; 3 = moderate difficulty; 4 = severe difficulty; 5 — unable. The result 
of each module is summed and transformed to obtain the DASH score ranging, for
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each section, from 0 (no disability) to 100 (severe disability). Relatively to internal 
consistency, the DASH has been shown in multiple tests to have a high Cronbach a 
(0.97); the questionnaire responsiveness (to self-rated or expected change) was 
similar to if not better than that of the joint-specific measures in the whole group and 
in each region286.
2.14.4 Upper Limb Function Index
The Upper Limb Function Index (ULFI) is a region specific tool developed by Gabel 
et al. (2006)287. The ULFI was introduced to compensate deficits in feasibility, 
reliability and responsiveness that were observed in other region-specific tools such 
as DASH, the Upper Extremity Functional Scale; the Upper Extremity Functional 
Index and the Neck and Upper Limb index287. For the purpose of validation, test — 
retest reliability and responsiveness, Gabel et al. (2006)287 investigated 214 
responses from 139 subjects with upper limb symptoms, and suggested that the ULFI 
is the preferred region-specific tool with superior practical characteristics and 
clinical utility, and comparable psychometric properties. The index consists of 25 
items which focus on health-related quality of life and upper limb functional 
impairment. A box is ticked by the subjects if the provided description applies to 
their condition. The quantitative data has been made by adding the ticked items and 
multiply the sum by 4 to bring the score to 100%, which indicates the worst 
outcome. The ULFI has not been reported in patients with SIS, since it was 
published in 2006.
2.14.5 General Health Survey SF-12
Regression methods were used to select and score 12 items from the Medical 
Outcomes Study 36-Item Short-Form Health Survey (SF-36) to reproduce the 
Physical Component Summary and Mental Component Summary scales in the 
general US population (n=2,333). The resulting 12-item short-form (SF-12) achieved 
multiple R squares of 0.911 and 0.918 in predictions of the SF-36 Physical 
Component Summary and SF-36 Mental Component Summary scores, respectively. 
Scoring algorithms from the general population used to score 12-item versions of the 
two components (Physical Components Summary and Mental Component 
Summary) achieved R squares of 0.905 with the SF-36 Physical Component 
Summary and 0.938 with SF-36 Mental Component Summary when cross-validated 
in the Medical Outcomes Study. Test-retest (2-week) correlations of 0.89 and 0.76
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were observed for the 12-item Physical Component Summary and the 12-item 
Mental Component Summary, respectively, in the general US population (n=232). 
Twenty cross-sectional and longitudinal tests of empirical validity previously 
published for the 36-item short-form scales and summary measures were replicated 
for the 12-item Physical Component Summary and the 12-item Mental Component 
Summary, including comparisons between patient groups known to differ or to 
change in terms of the presence and seriousness of physical and mental conditions, 
acute symptoms, age and ageing, self-reported 1-year changes in health, and 
recovery for depression. In 14 validity tests involving physical criteria, relative 
validity estimates for the 12-item Physical Component Summary ranged from 0.43 
to 0.93 (median=0.67) in comparison with the best 36-item short-form scale. 
Relative validity estimates for the 12-item Mental Component Summary in 6 tests 
involving mental criteria ranged from 0.60 to 107 (median=0.97) in relation to the 
best 36-item short-form scale. Average scores for the 2 summary measures, and 
those for most scales in the 8-scale profile based on the 12-item short-form, closely 
mirrored those for the 36-item short-form, although standard errors were nearly 
always larger for the 12-item short-form.
2.14.6 Hospital Anxiety and Depression Scale
The hospital anxiety and depression scale (HADS) was developed in 1983 by 
Zigmond and Santi288 to emphasize the rule of psychiatric disorders in chronically 
ill patients and their negative effect on treatment outcomes. Clinicians in non­
psychiatric settings have observed manifestations of anxiety and depression in 
patients with increasing stresses due to chronic pain, functional impairment, and 
physical disability289. Furthermore, the exaggerated symptoms in patients with 
musculoskeletal disorders without proportional organic pathology and resistance to 
treatment have been attributed psychosocial factors290,201.
The scale is limited to the two most common psychiatric domains, anxiety and 
depression; which are reflected with 7 items on each domain288. The validity and 
reliability of HADS have been demonstrated in chronically ill patients with varying 
severity of emotional disorders291"294. HADS has been reported to be efficient in 
assessing the symptom severity of anxiety disorders and depression in somatic, 
psychiatric and primary care patients and in the general population289. It has been 
proposed that the HADS is also useful in patients with chronic musculoskeletal
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pain295. Although no reports has been found on the use of HADS with SIS patients, 
recently HADS was used to investigate the psychological impact of tennis elbow290 
and massive rotator cuff tear296.
2.14.7 McGill Pain Questionnaire
Melzack and Torgerson (1971)297 developed the McGill Pain Questionnaire (MPQ) 
using the expressions of pain character to assess the sensory, affective, evaluative 
and miscellaneous dimensions of pain298, in addition to the intensity of pain. The 
MPQ is designed to provide a quantitative measure of pain quality. The 
questionnaire classified 78 words in 20 different groups that represent the four major 
dimensions of pain quality: sensory, affective, evaluative and miscellaneous. Each of 
the 78 words is assigned a point, ranging from 1-6 depending on the number of 
words in each group299. The sum of the rank values is the pain rating index (PRI). 
The pain intensity is defined by 1-5 severity descriptors that constitute the basis for 
the present pain intensity (PPI). The MPQ has been validated and its reliability was 
tested by a number of authors and a normative database has also been produced in 
populations of cancer, low back pain, dental and obstetric patients300,299.
2.15 Functional Performance Test
The simplicity, safety and feasibility of FIT-HaNSA, which mimics daily living 
activities of the shoulder and upper limb, have been demonstrated58. This 
standardized test assesses the contribution of upper extremity activity, strength and 
stability to optimal shoulder function. Given the key role of muscles in establishing 
shoulder stability, mobility, and function, it is not surprising that the strength of 
specific muscle groups is typically viewed as a key outcome measure when 
evaluating shoulder conditions. Quantitative measures of isometric and isokinetic 
strength 240,241,144,239,301 and ROM302,303 have been reported in several studies to 
dictate the functionality of the shoulder complex. Therefore, in addition to a good 
ROM, shoulder functionality requires coordinated, muscle activity that maintains 
sufficient proximal control and allows a wide arc of pain-free movement for 
completion of tasks of daily life. Thus, it is expected that isolated physical 
impairments like muscle strength or ROM deficits have demonstrated small to 
moderate correlation to function. However, this suggests that better understanding of 
function requires specific functional tests.
Review of Literature 48
Subacromial Impingement Syndrome (2012)
The shelving system described by MacDermid et al. (2004)240 for assessing upper 
extremity tasks in different levels of required ROM and with a weight of 1 kg} is a 
feasible, reliable and reproducible functional test in normal individuals as well as 
most of the patients with shoulder disorders particularly SIS. The limitations for this 
test are the deficits in ROM and severe pain, particularly at the range of 70-90° of 
forward flexion and abduction. The reliability and constructed validity was tested on 
a wide spectrum of patients included severe impingement (patients showed gross 
limitation in task 2) and mild-moderate impingement (still task 2 was 
challenging)240.
The use of FIT-HaNSA and EMG on healthy volunteers and patients with SIS is a 
first attempt to study the activation pattern of muscles that control the STA and GHJ 
during simulated daily living activities. Furthermore, the combination of both tools 
allows the interpretation of the alterations in muscle coordination and timing during 
forward arm reaching between different levels.
2.16 Prognosis
Poor recovery from shoulder pain is associated with increasing age, severe 
symptoms, or recurrent symptoms at presentation, and a restricted range of passive 
abduction with concomitant neck pain37’159’176’304. In contrast, mild trauma or overuse 
occurring before the onset of pain, early presentation, and acute onset are associated 
with a favourable prognosis. Individual psychosocial factors, such as a passive 
coping style, fear of movement, and general psychological distress, may play a part 
in the transition from acute to chronic pain. However, the empirical evidence for the 
role of these factors comes from studies on low back pain and neck pain305. Few 
studies have examined the effect of work related factors on recovery. Ekberg and 
Wildhagen (1996)306 showed that whether a person took long term sick leave 
depended more on the work situation than on characteristics of the patient.
Recently, evidence based guidelines, developed by occupational health physicians, 
for managing workers with low back pain have been issued in the Netherlands and 
the United Kingdom307. Some of the recommendations may also apply to shoulder 
pain that develops in occupational settings. This would imply that efforts to prevent 
and treat shoulder pain should be directed at both physical and psychosocial factors, 
and initiatives should engage both employers and workers in attempts to identify and 
control risk factors and implement optimal programmes to enable employees to
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return to work. People with shoulder pain should remain active and return to normal 
activity or temporarily modified work as soon as possible. In a later stage of the 
disease a strategy for returning to work that integrates modified work, functional 
restoration, and cognitive a strategy for returning to work that integrates modified 
work, functional restoration, and cognitive behavioural treatment may be 
appropriate.
2.17 Prevention
Attention should be paid to avoid pain during daily activities and at work. The 
extreme position of the shoulder for substantial amount of time may induce pain, 
therefore, extreme movements when the arm extended behind the back, adducted or 
outward rotated should be avoided307. Activities with repetitive movements of the 
shoulder should avoid force and allow sufficient time for recovery. Overhead 
reaching should be allowed for short periods and should not include heavy loads. 
Furthermore, vibrating tools should not be used for a prolonged time159. Work tasks 
should be varied, with enough time allocated to do them, and employees should be 
offered opportunities for developing their jobs and influencing their work patterns165. 
Routine shoulder exercises are helpful to maintain wide range of movements in all 
directions as well as prevent stiffness and pain. In secondary prevention there have 
been some promising results from a cognitive behavioural therapy approach, which 
implies that addressing these factors may also reduce shoulder pain232.
Evidence for the risk factors and prognostic indicators of shoulder pain should be 
studied longitudinally. Without data on the importance of each risk factor and the 
dose-response relation it is difficult to design effective preventive measures. Before 
implementation, the cost effectiveness of these interventions should be carefully 
evaluated165.
2.18 Treatment
Current evidence fails to show differences in effectiveness between non-operative 
and surgical treatment of SIS 308. Most patients with shoulder impingement 
eventually recover with non-operative intervention 70. The most common non­
operative modalities include modification of activity, the use of non-steroidal anti­
inflammatory medications, subacromial injections of steroids, and physiotherapy 
programmes.
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In a retrospective review study of 616 patients (636 shoulders) who had SIS, 
Morrison et al. (1997)309 assessed the results of non-operative treatment. Overall, 
67% had a satisfactory result with non-operative treatment, of whom 18% showed 
later recurrence of symptoms; and 28% required arthroscopic subacromial 
decompression. A small group (5%) had an unsatisfactory result but declined 
additional treatment. In a systematic review of interventions on painful shoulders, 
Green et al. (1998)310 found no evidence to support or rule out the efficacy of 
common interventions for shoulder pain.
Only in 2 of 8 trials, Koester et al. (2005)311 showed clinically relevant 
improvements in pain and range of motion in the injection groups as compared with 
placebo. However, in both of these studies the outcomes of patients treated with 
injection and oral NSAIDs were equivocal. Kromer et al. (2010)312 compared the 
effectiveness of individualized physiotherapy to standard exercises protocol. The 
individualized physiotherapy programme is based on an individual’s own pain, any 
specific limitation in function, a defined decision making process; and finally, how 
to overcome the influence of fear of movement on the outcome of patients with SIS.
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2.19 Electromyography
2.19.1 Definition and Concept
Electromyography (EMG) is an experimental and diagnostic technique concerned 
with identifying, recording and analysing the myoelectric signals which are 
generated by physiological variations in the state of muscle fibre membranes111. 
Since the time when studies as Hirschberg and Dacso (1953)313 were published, the 
clinical use of EMG with dynamic loaded activities led to recognising the 
importance of inferring information from myoelectric signals to muscle function and 
shoulder kinematics which imposed the necessity of associating EMG data with 
clinical kinesiology.
2.19.2 Physiology underlying Electromyography Signal
Development
Muscle fibres have to be stimulated to initiate contraction. Each fibre of a muscle 
receives its innervation by one single motor neuron via an axon. A motor neuron and 
its associated fibres form one motor unit (MU). One motor neuron may control 
between three and 2000 muscle fibres depending on the required fineness of 
control314.
Motor Unit
Cortex
Spinal cord
Figure 2-8: Central control and motor unit
The axon branches out and connects to individual motor end plates which are usually 
found in the middle of a muscle fibre. The transmitted motor unit action potentials 
(MUAPs) to related muscle fibres produce electrochemical changes at the motor end 
plates, changes in the permeability of and ionic movements across muscle cell 
membrane. These changes lead to a depolarization-repolarisation cycle, bidirectional 
propagation of depolarisation waves and spreading of the action potential along the 
length of the muscle fibre. Because of the conductivity of the tissues around the
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muscles, a bipolar electrode, placed on the skin over an active muscle, picks up the 
difference between generated action potentials in the underlying muscle membrane 
as myoelectric signals. When an action potential is generated at (Tl) and propagates 
along the muscle fibre towards to (T5), the potential difference between the two 
electrodes is maximally positive at (T2) and maximally negative at (T4) [Figure 2 - 
9], Although simplified to a single muscle fibre, this model illustrates the generation 
of a bipolar signal from the action potential that propagates along the surface of an 
activated muscle fibre (Noraxon). As several muscle fibres belong to a single motor 
unit, they are activated together. Therefore, the final signals detected by the 
electrodes represent the summations of MUAPs generated in stimulated muscle 
fibres [Figure 2-10].
Figure 2-9: Generation of a bipolar EMG signal as a consequence of an action potential propagating
along a muscle fibre (from ABC of EMG)
Sopecposed signal cl
the wHol* motor unk
Figure 2 - 10: A motor unit action potential
Schematic representation of the motor unit action potential formed by summation of the polarisation 
waved of each individual muscle fibre, (from the ABC of EMG- Noraxon)
Review of Literature 53
Subacromial Impingement Syndrome (2012)
When the motor unit is repetitively stimulated, it gives rise to a number of MUAPs 
known as an action potential train (MUAPT)111, Finally, the so called ‘interference 
pattern (IP)’ which is an algebraic summation of a frequency-modulated MUAPT 
from a number of activated motor units during a given muscle contraction represents 
the final raw EMG signals111’315'317.
2.19.3 Factors Influencing Interference Patterns
Table 2 -14: A summary of the factors affecting interference patterns
Factor Variables describing the EMG IP Studies
Age Weak differences between 20 and 65 years.
Significant difference outside the above age-range
RMS and MPF were smaller in elderly subjects (above 65)
Hayward (1977)318
Stalberg et al. (1983)319
Akataki etal. (2002)320
Sex No difference with 30%MVC
Endurance decrease for trunk-holding test (120s.)
MUAP duration, rise time and number of turns
Christensen et al (1986)32!
Umezu et al. (1998)322
Cioni etal, (1994)323
Force Amplitude increases with increasing force
Recruitment of larger MUs, territory and muscle fibre diameter
The number of spikes increases with force at low level of MVC
Sanders & Paoli (1996)316
Muscle The AIPEA seems to increase with increasing muscle mass
MUAP wave-forms are considerably different between muscles as well 
as the fibre types
Sanders & Paoli (1996)316
Fatigue Sustained isometric MVC decreases zero-crossings, spikes and T/S ratio. 
Sustained submaximal isometric voluntary contraction, the number of 
number of spikes and T/S decrease, while amplitude increases
Hagg (1992)324
Finsterer & Mamoli (1996)325
Fitness The reduced integrated IP activity in immobilized legs or functional 
disuse was attributed to functional loss of motor units
Fuglsang-Frederiksen (1978)326 
Fuglsang-Frederiksen (2002)327
Recording 
site and
surrounding 
tissue
No differences when surface electrodes placed between the endplate 
zone and sites near- the tendon (e.g. BB).
Tissue filter effect is reduced with increased force from 20-50% MVC as 
more MUs near the surface of the muscle are recruited
Finsterer (2001)12
Electrodes No change in power spectra with the use of bipolar or monopolar surface 
electrodes.
Power frequency and T/S showed significant changes when recordings 
from surface and concentric electrodes were compared
Cioni etal.(1994)323
Preece et al. (1994)328
Finsterer et al. (2003)329
Sensitivity A sensitivity of 1-2 mV should not be exceeded when needle electrodes 
are used
Finsterer et al. (1993)330
Filters Elevation of the lower limiting frequency leads to loss of 
small MUs contribution, and lowering the upper limiting 
frequency leads to miss the contribution of large MUs
Finsterer (2001)12
Sampling
frequency
At MVC of the deltoid muscle, mean power frequency, but not RMS, 
increased linearly with increasing sampling frequency from 4-10 kHz 
Sampling frequencies >50 kHz are required in certain conditions
Sadhukhan et al. (1994)331
Jorgensen et al, (1991)332
Threshold
level
Traditionally, the value of 100 pF is selected as amplitude threshold. 
Lowering the threshold to 50 or 25 pF increases the sensitivity to detect 
neuro-myopathic disorders.
Willison (1964)333
Pain Overall, the diagnostic yield of IPA is limited in cases with chronic 
tension or pain
Fuglsang-Frederiksen (2000)327 
Qerama et al, (2005)334
* T/S: turn/second A/T: Amplitude/Turn
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2,19.4 Determinants of Interference Pattern
There are several determinants of IP appear in Table 2-1. The amplitude 
measurements and power spectrum analysis (PSA) will be described as they are 
relevant for this study.
2.19.4.1 Amplitude Measurements 
The amplitude is defined as 
the time-varying deviation 
of the electrical signals335.
The mean amplitude, the 
root mean square (RMS) 
and the peak amplitude are 
used usually with muscle 
activation. The filtered, 
rectified and smoothed raw 
signals are summarized as 
the moving average or mean 
amplitude. The peak 
amplitude is referred as an 
index of maximal muscle activity when the electrical activity is relatively constant. 
RMS amplitude is calculated as the square of individual amplitudes averaged, 
followed by calculation of the root. The RMS is quantifying the effective value of 
EMG signal in mV. It is used to measure electrical power, firing rates, duration and 
velocity336,314,327.
2.19.4.2 Power Spectrum Analysis
Fast Fourier transformation (FFT) is used to decompose IP into sinusoidal-waves of 
different phases, frequency and amplitude of the power spectrum321,337. The total 
power spectrum of the surface EMG signal is represented by the area outlined by the 
curve of power spectrum [Figure 2 - ll]324. The frequently evaluated descriptors are 
the mean frequency (MnF) and the median frequency (MdF) which are computed 
easily using current algorithms and used as parameters of muscle fatigue (Noraxon). 
The MdF divides the power spectrum into low and high frequency ranges that both 
contain the same power. Other useful parameters are the peak frequency (frequency
Table 2-15: Variables describing the electromyography 
interference pattern12
Variable Dimension
Subjective density none
Subjective amplitude of the IP envelope (AIPES) mV
Zero-crossings Hz
Spikes Hz
Amplitude variables pV
Integrated activity pV*ins
Firing frequency Hz
MUAP variables various
Spectral frequency Hz
Power dB
T/S Hz
A/T gV
T/S:A/T Hz*pV
UCA pV
NSS n
Activity ms
Automatic amplitude of the IP envelope (AIPEA) mV
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with the maximum power), total power (sum of individual power values) [Figure 2 — 
12], relative power frequency at a certain frequency, and ratio of high to low 
frequency values338.
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Figure 2-11: The total power spectrum of a surface EMG recording
Peak power
Median frequency
Mean frequency
Total power
Frequency in Hertz
Figure 2-12: Frequency parameters of the power spectrum (from the ABC of EMG Noraxon)
To show the distribution of power and frequency over a wide range, it is customary 
to use logarithmic scales along the frequency (x-axis) and power axis (y-axis). The 
major frequency band of the power spectrum results from MUAP-duration . High 
frequencies reflect MUAPs with short rise-time, short duration, and polyphasic 
wave-fonn. Low frequencies reflect long duration MUAPs with long rise-time.
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FFT analysis can be performed on successive epochs over the duration of the 
contraction, yielding the temporal trend in the mean or median frequency. Merletti 
proposes that epochs of 1 second duration be chosen. Shorter epochs will result in 
higher variance of the estimates of spectral variables339 and longer epochs will 
violate the hypothesis that signals are stationary340. The configuration of the total 
power spectrum can vary widely, depending on the FFT-settings, muscle properties 
such as fibre type length and tissue/skin filter effects.
The checking features of the prower spectrum include: (1) steep increase from the 
high pass (10Hz), (2) the peak frequency typically located between 50 and 80 Flz, (3) 
the spectrum curves decreases and reaches zero between 200 and 250 Hz, (4) 
checking if untypical power peaks are visible, especially outside the band-range, (5) 
checking if a dominant power peak is visible at 50 (EU) or 60 (USA) Hz (Noraxon). 
In the majority of the cases, PSA is applied to IPs recorded with surface
341 338 342electrodes ’ 5 . IPs recorded with needle electrodes infrequently undergo
PSA343,344.
2.19.5 Signal Processing
The raw EMG signals are arbitrary in nature and without sustained repeatability. 
This random nature is based on the variability in location, number and size of the 
firing motor units. The raw EMG signals are very valuable for qualitative analysis of 
the muscle activation pattern. Once quantitative measures are required, the raw 
signals need to be specifically processed. The signal processing includes full wave 
rectification, smoothing and normalisation345,111,346.
2.19.5.1 Initial Check
The zero-line-correction should be maintained, followed by removing electro­
cardiogram (ECG) artefacts and then filtering. Regarding surface EMG, finite 
impulse response (FIR) filtering is commonly used with a band-pass of 10 Hz low 
frequency and 500 Hz high frequency. In case of fine wire (FW) EMG, infinite 
impulse response (HR) filter with high-pass frequency of 10 Hz and Butterworth 
approximation is applicable (Noraxon). The advantage of high pass filtering is the 
removing of movement artefacts, particularly in dynamic measurements. Basmajian 
and De Luca111 recommended 20 Hz as a corner frequency of the high pass filter for 
surface detected EMG signal in order to avoid the lower frequency of motion
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artefacts111. A lower frequency cut-off (10 Hz) for EMG spectral analysis is, 
however, adapted by the fact that in, some cases, necessary information of active 
MUs come within this frequency range347.
2.19.5.2 Rectification
The raw EMG signals which are initially distributed on both sides of the zero-line 
are totally turned into positive values starting from the zero-line upwards 346. This 
step allows quantifying the signals in amplitude and peak EMG. The area under the 
rectified EMG, the so called integrated EMG (IEMG), as well as the equivalent 
mean EMG related to a time sector, results in the first detailed information about 
muscular activity111.
Figure 2-13: Signal processing (A) Raw signals, (B) Full wave rectification, and (C) Smoothing
(RMS window 100ms)
2.19.5.3 Smoothing
The rectified EMG is performed by one of two mathematical algorithms. Smoothing 
is achieved either with the commonly used RMS or with moving average. The EMG 
signals obtain a more precise envelope and activity pattern.
2.19.5.4 Electromyography Signal Amplitude Normalization 
Amplitude normalization procedures are used when recording EMG signals because 
there is a necessity to reduce inherent physiological variability between individuals, 
and technical variability associated with electrode replacement 348. Individual data 
are commonly amplitude normalized before calculating group means, and expressed 
as a percentage of a reference value. The coefficient of variation (CV), which 
expresses the ratio of the standard deviation as a percentage of the mean, is often 
used to compare transformed data. The effectiveness of an amplitude normalization
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technique has been based on its ability to reduce the CV of the processed data when 
compared to the raw data.
2.19.5.4.1 Methods of Amplitude Normalization
There are two methods for the normalization of amplitude include: (1) Amplitude 
normalization to a signal recorded in MVC test: The use of MVC to normalize raw 
EMG signals provides a direct indication of the level of activity of each muscle128 
and is commonly used method of normalization. The problem with this method of 
normalisation is the effect of pain, training and motivation on performing MVC349. 
Pain will reduce the generation of muscle force. Training and verbal encouragement 
of subjects has been demonstrated to improve MVC by 30%350. Furthermore, the 
appropriateness of utilising an isometric contraction to normalise EMG data obtained 
during dynamic tasks has been questioned349. Indeed, Burden suggests EMG from an 
isometric MVC may not represent the maximum activation of the muscle at lengths 
other than those at which the MVC was performed351. (2) Amplitude normalization 
to the mean: In protocols with dynamic movements, the amplitude is normalized to 
the mean of the cycle motion 5 . Although the mean amplitude normalisation does
not provide information on the absolute degree of activation, they provide 
information on the patterns of muscle activity353, which can facilitate a comparison 
between study groups.
2.19.5.5 Time Normalization
To provide comparative information between activated muscles or to investigate 
subjects during a cyclic motion, the exact duration of each cycle will not be 
consistent, therefore, normalisation in the time domain is important to compare 
phases in cycles and both between different muscles and individuals. Allison, 
Marshall and Singer reported the effect of 11 amplitude normalization techniques on 
the coefficient of variation (CV) during the eccentric and concentric phases of 
stretch-shortening cycles (SSC) 354.
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2.19.6 Types of Muscle Contraction
The EMG patterns may differ depending on which type of contraction:
2.19.6.1 Muscle Contraction with Joint Movement (Isotonic 
Contraction/Dynamic Contraction)
The contraction of a muscle with movement against a natural resistance is known as 
‘isotonic contraction’, meaning 'same tension', which is not the case with a muscle 
that changes in length and natural biomechanics that produce a dynamic resistance 
curve. This misnomer has prompted authors to propose alternative terms, such as 
dynamic tension or dynamic contraction.
There are two types of the isotonic/dynamic contraction: (1) Concentric contractions 
are those that cause the muscle to shorten as it contracts. (2) Eccentric contractions 
occur when the muscle lengthens (stretches) as it contracts. Forward elevation of the 
shoulder reveals increased muscle activity of the AD as it contracts concentrically as 
well as increased muscle activity in the ISP and LD as they contract eccentrically in 
order to avoid superior translation of humeral head during arm elevation. During 
lowering of the arm, the ISP and LD act concentrically while the AD acts 
eccentrically.
Active movements of the shoulder may alter the EMG signals following a change in 
the distance between the stimulated muscle fibres and overlying electrodes, in 
addition to a change in the length-tension property of the muscle fibre to generate 
force111. Using EMG Kronberg et al. (1995)355 compared muscle activity during 
eccentric movements with previously studied concentric movements and concluded 
that the magnitude of activation was significantly lower during eccentric muscle 
contraction. Ebaugh et al. (2010)116 demonstrated that scapulothoracic muscles (UT, 
LT and SA) had less muscle activity levels during eccentric contractions.
2.19.6.2 Isometric Contraction - No Joint Movement
A constant muscle fibre length is maintained during isometric contractions; a balance 
is preserved between exerted force and resistance, therefore, there is no change in 
muscle length. A position of maximal activity of a single muscle or a group of 
muscles during resisted isometric contraction is a prerequisite for EMG assessment 
of the MVC amplitude. A high correlation between the EMG amplitude estimate of 
the muscle activity and the force generated by the same muscle is expected from
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physiological considerations111,356. In contrast, this myoelectric signal-force 
relationship can vary in different muscles. For example, Lawrence et al. found a 
linear amplitude to force correlation in the first dorsal interosseous but non-linear 
correlation in the deltoid and BB muscles357.
The type of recruited MUs and the rate of discharge by those MUs are determining 
factors on the existing variability on the force that a muscle exerts. The 
morphological alterations in the innervations ratio, muscle fibre type distribution and 
average cross-sectional area of MUs lead to inconsistency in the maximal MU force 
and may vary by approximately 50 times358. In addition to the MU morphological 
variability, cross talk from neighbouring muscles, agonist and antagonist co­
activation and viscoelastic properties contribute in the myoelectric signal-force 
relationship357.
2.19.7 Shoulder Muscle Activation Pattern
2.19.7.1 Muscle Activation Pattern in Healthy Shoulders
EMG studies on human muscles have added much by investigating various phases of
arm elevation and lowering in different planes. Recognised roles of muscles have
changed and unsuspected muscles have been shown to take active part in different
phases of shoulder motion.
The shoulder girdle motion is effective with the integrity of sternoclavicular joint, 
acromioclavicular joint and STA. The Axio-scapular muscles (LS, UT, MT, LT, 
SA and RM) control the shoulder girdle motion and allow the scapula to act 
as a platform. This stable platform facilitates the development of accurate 
length-tension property of the muscles crossing the GHJ and the generation 
of controlled forces that move the head of humerus on the glenoid 
concentrically in a wide range of motion. In normal conditions, all the joints 
of the shoulder complex act in a consistent and co-ordinated way to perform 
several non-compromised motor functions during daily living activities, work 
and sports. The co-ordination is evident from simultaneous muscle activity in 
muscles producing the movement and those on the opposite side of the specific 
motion axis and together provides movement and stability of the shoulder 183,359.
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Table 2-16: Shoulder muscles control the shoulder complex motion (modified from 117)
Joint involved Type of movement Muscle power derived from
1. Sternoclavicular 
joint
Elevation 30-36° 1. LS
2. UT
3. SA (Upper fibres)
Rotation 30-40° 1. Force-couple acting on scapula in 
terminal phase III is transmitted 
through taut conoid and trapezoid 
ligaments.
2. Subclavius
2. Acromioclavicular 
joint
Rotation of scapula 
round vertical axis 
through the joint by 
20°
1. SA (Upper digits)
2. Pectoralis minor
3. Scapulothoracic 
joint
Rotation through 
anteroposterior axis 
(upward/downward 
rotation)
1. Upper component of the force- 
couple derived from LS, UT, and
SA (upper digits)
2. Lower component of the force- 
couple derived from trapezius 
(middle and lower), and SA (5th - 
8th digits)
Their action is complementary to 
produce the desired rotation.
Rotation through 
vertical axis 
(external/internal 
rotation)
1. SA (prime mover)
2. RM, UT, LT and LS (stabilizers) 
Their action is complementary to 
produce the desired rotation.
Rotation through 
medio-lateral axis 
(posterior/anterior 
tilt)
1. SA (lower digits)
2. UT
1. Glenohumeral 
joint (GHJ)
Forward elevation 
and lowering / 
Extension
Abduction/
Adduction
Internal / external 
rotation
1. Largest cone:
a. Deltoid (AD, MD and PD
b. Triceps and biceps (BB) (long 
head)
c. Coracobrachialis
2. Intermediate cone:
a. TM
b. PM
c. LD
3. Shortest cone:
a. SSP
b. ISP
c. Teres minor
d. SUBS
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The understanding of EMG recordings and their relation to kinematic patterns of the 
shoulder complex during standardised movements and dynamic contractions in 
healthy subjects can be used as reference data when assessing patients with shoulder 
pathology 5 . Minimal alterations in performance and coordination of these
muscles have the potential to lead to dysfunctions and compensations that could 
compromise joint function and lead to disabilities resulting in inactivity and a lower 
quality of life.
The practitioner should assess whether a muscle recruits at the right time or whether 
it comes on early or late; whether, once it is recruited, its duration is appropriate for 
the task; whether the work period is too long or too short; whether the muscle gets a 
chance to rest between repetitions; whether those rest periods occur often enough; 
and whether they are long enough. A number of studies have documented shoulder 
muscle activity in healthy volunteers. Since Inman, EMG still provides further 
support to the force couple concept and applicable in scapulothoracic and 
scapulohumeral muscle activity to control kinematics of the STA and GHJ4’111,360.
2.19.7. LI Control of the Scapular Position during Ajrm Elevation
The UT, LT and SA are believed to play an important role in the STA control
191 19^4’ ’ . These muscles control upward rotation, external rotation and posterior tilt of 
the scapula during active arm elevation123,361. The passive elevation of the arm is 
associated with a significant decrease in scapular upward rotation particularly at 
mid-range118,362 but no difference with external rotation and posterior tilt.
The UT, LS, and upper digitations of the SA constitute a unit that shares in passive 
support of the shoulder, allows active elevation of the shoulder, and acts as the upper 
component of the force couple necessary for scapular upward rotation. The LT and 
the lower four digitations of the SA constitute the lower component of the scapular 
rotatory force couple, and are found to act throughout elevation of the extremity in a 
complementary manner. While LT acts predominantly in abduction, the lower four 
digitations of SA activate predominantly in flexion4. Similarly, RM, LS, and upper 
digitations of SA form an upper, and PM/Pm, together with LD, a lower component 
of a force couple producing downward rotation of the scapula92.
Scapular upward rotation is produced by the UT and lower SA acting as a
191 99force couple during the initial phase of arm elevation 1 ’ .In the middle
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phase of GH elevation, the LT increases its contribution to control rotation and 
resists excessive elevation of the scapula121. In the final phase of GHJ elevation 
the UT, LT and lower SA are approximately equally active121. Increased 
activity in SA is associated with lower levels of activation in RM and LS as a 
synergistic control to possible lateral translation of the scapula. During the 
reversal of movement of the arm, the upward rotators still show some activity 
to resist excessive downward rotation and lowering of the scapula2. Taylor 
argued that the LT is the major stabilizer during scapular movement and the relative 
balance between the UT and LT is maintained when UT/LT ratio is less than 1.0364.
The EMG activity of the UT and inferior part of SA was investigated in 25 
volunteers of both sexes by Bull et al. (1990) during free movements of 
abduction, flexion, adduction and extension of the arm. They emphasized a 
synergistic effect of the UT and lower part of SA with increased activity to 
rotate the scapula upward and externally in abduction; and upward and 
internally in flexion. Activity in both muscles decreased gradually in 
adduction and extension to control the return of the scapula to its initial 
position365.
Elevation of the arm above 70-90° demands further clearance in subacromial 
space. The middle and lower SA are aligned with a substantial mechanical 
advantage not only for scapular upward rotation but also a combined ability 
to tilt backward and externally rotate the scapula. This position of the scapula 
provides sufficient room for further elevation of the arm2. The risks of 
inefficient upward rotation, external rotation and posterior tilt of the scapula 
[Figure 2 - 14] in the development of SIS are reduced when the normal 
scapular kinematics sustained by optimal function and coordination of 
trapezius, SA and other muscles attached to the scapula366.
Review of Literature 64
Subacromial Impingement Syndrome (2012)
Internal Rotation Upward Rotation Posterior Tilting
Figure 2-14: Scapular rotations relative to the clavicle or thorax.
The scapular rotations include internal/external rotation about a superiorly directed axis (A), 
upward/downward rotation about an axis perpendicular to the plane of the scapula directed anteriorly 
(B), and anterior/posterior tilting about a laterally directed axis (C). Adapted from Ludewig et al. 
(2009)367.
2.19.7.1.2 Control of Glenohumeral Joint during Arm Elevation
The coordination of scapular movement with that of the humerus (SHR) is a 
key factor in the functional stability of the GHJ during the daily living 
activities. The length-tension relationship and load of the rotator cuff and other 
muscle crossing the GHJ are believed to be influenced by normal kinematics of 
the shoulder components19^68 369.
Inman et al. (1944)4 for example conducted a widely accepted surface EMG study 
that was able to measure muscle activity associated with movements of the shoulder. 
They described the importance of force coupling between the deltoid and rotator 
cuff, noting their synergistic actions during arm abduction. The shear forces across 
the joint resulting from the upward pull of the deltoids are balanced by the 
synchronous firing of the cuff, allowing efficient elevation of the arm4. Inman et al 
(1944)4 concluded that the SSP acts together with the deltoid as a single unit 
throughout abduction and forward flexion, while the SUBS, ISP and Tm act as a 
functional unit to depress the humerus continuously throughout abduction and 
flexion. However, Reddy et al. argued that after the initial phase of elevation of 
approximately the first 30—60°, the rotatory contribution of the SSP declines 
significantly10. This may be due to a change in the length—tension relationship 
and a decrease in the moment arm of the SSP with increased elevation10,370.
Review of Literature 65
Subacromial Impingement Syndrome (2012)
Haider et al. (2001)371 and colleagues showed that the LD and TM, and to a 
lesser degree the rotator cuff musculature of the ISP and the SUBS impart an 
inferior translatory force to the head of the humerus to maintain the 
congruity of the humeral head with the glenoid fossa. This is critically 
important for the production of smooth and coordinated glenohumeral 
movements. From a clinical point of view, quantified EMG recordings from 
normal shoulder muscles during dynamic upper limb motion similar to daily 
living activities are of interest as a reference database when assessing patients 
with shoulder impingement. Subsequently, Kronberg et al. (1990)127 in 5 subjects, 
Alpert et al. (2000)126 in 16 subjects, David et al. (2000)372 in 15 subjects studied 
muscle activation during all or part of shoulder standard movements including 
flexion, abduction, extension, internal and external rotation.
Kronberg et al. (1990)127, in a study of bilateral shoulders in 5 healthy volunteers 
described the behaviour of the deltoid and rotator cuff muscles during abduction, 
flexion, extension and external and internal rotation. During abduction, the AD, 
MD, SSP and ISP were the most active muscles, followed by the SUBS and LD. 
During external rotation the ISP and, to a lesser extent, the SSP were the most 
active muscles. The SUBS, PM and the LD were the most active muscles during 
internal rotation. During flexion, the AD and MD and the ISP and the SSP were 
the most active muscles whereas the PD, MD, SUBS and SSP were the most active 
muscles during extension.
Alpert et al. (2000)126 conducted EMG analysis on the deltoid and rotator cuff in 16 
healthy volunteers to investigate varying loads and speed effects. Changes in EMG 
activity were observed with loading and increased speed in different ranges of 
scaption. With additional load to the arm EMG activity increased during the first 90° 
of motion and lowered during the final 30° of motion. Doubling the speed caused an 
increase in EMG activity during the first 60° of motion and a decrease in activity in 
the final 60°.
David et al. (2000)372 identified the muscle activation patterns of B shoulder muscles 
including the deltoid 3 components, the rotator cuff components except teres minor, 
long head of BB and PM; in 15 healthy volunteers and during isokinetic internal 
external rotation. The findings indicated that for both types of rotations, the rotator 
cuff and biceps were active prior to the initiation of the actual movement and prior to
Review of Literature 66
Subacromial Impingement Syndrome (2012)
onset of deltoid and PM activity. They related those patterns to normal recruitment 
of the rotator cuff and biceps as a non-specific presetting phase prior to actual 
rotation of the shoulder joint. Once movement is in progress, the EMG patterns of 
these muscles become movement specific372. There have been studies of muscle 
activity in more complex situations such as conical shoulder motion 373, and 
eccentric tasks355. However, these are only a small part of the range of motion over 
which the shoulder functions.
Very recently, Hawkes et al. (2012)374 used EMG recordings during FIT-HaNSA, 
which simulates daily living activities of forward reaching, elevation and lowering, 
and overhead activity58. The activation pattern was reported on 12 shoulder muscles 
in 12 healthy male volunteers. Highly significant positive correlations between the 
deltoid and rotator cuff, the deltoid and adductor and the adductor and rotator cuff 
groups were found374.
2.19.7.2 Muscle Activation Pattern in Shoulders Affected with 
Subacromial Impingement Syndrome
An important common element in patients with chronic pain is the abnormal 
activation of the muscles as a response to pain. The muscle activation pattern is often 
presented as an element in a complex vicious circle that represents the process of 
changing abilities, behaviour and personal properties. As a response to pain, subjects 
do alter their muscle activation in such a way that it will contribute to an avoidance 
of more pain, i.e. they avoid the movements that cause pain. This response can work 
out in different ways with respect to the muscle activation: one can avoid activating 
the muscles or one can stiffen the joints by activating the surrounding muscles rather 
constantly. It will be clear that in both responses an abnormal muscle activation 
pattern will become apparent 375.
Chester et al. (2010)48 reviewed 11 papers from 9 studies with high scores of 
eligibility criteria based on the Critical Appraisal Skills Program (CASP) tool for 
observational studies, recommended by the Public Health Resources Unit of the 
NHS (Critical appraisal skills programme, 2006). The studies were conducted on 141 
patients with SIS and compared to 138 healthy volunteers. The sample size ranged 
from 18-69 subjects and the age range was between 16 and 66 years old. All studies 
were comparative observational/case-control designs. Table 2-17 included the 
authors of the studies, procedures and relevant EMG analysis; and Table 2-18
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illustrated the findings in muscle activation level and onset in selected shoulder
muscles.
Table 2-17: Details of task procedures and EMG analysis in 11 publications from 9 studies 
comparing EMG variables between patients with SIS and controls'18
Paper Task (test procedures and functional movement) EMG variables analysed
Bandholm et al} 
(2006)47
In Kin-Corn, elbow flexion 90°. 
Isometric MVC shoulder scaption 
90° in int/ ext/zero rotn at 20,
27.5 and 35%MVC. Isokinetic 
Abduction recorded 
concentrically 40-45° and 95- 
100°, eccentrically at 110-95° and 
55-40°
Average normalised EMG amplitude 
during: (i) Isometric contractions (9 s)
(ii) Concentric and eccentric isokinetic 
contractions during 40-55° and 95-110° 
abduction in scapular plane
Brox et al
(1997)376 Maximum voluntary isometric contraction ( MVIC) and 
subMVIC at 45° isometric 
scaption, in 90° elbow F.
Average EMG amplitude (normalised and 
non-normalised) during: (1) sustained 25% 
submaxim al MVIC until exhaustion. (2) 
MVICs (3 s) at 30 s, 3 min and 20 min 
post-exhaustion
Clisby et al 
(2008)377
Resisted isometric external 
rotation at 10%, 40% and 70% 
MVC with and without shoulder 
adduction.
Average normalised EMG amplitude 
during the middle 5 s of the different 
contraction levels.
Cools et al (2003) 
182
(Onset times)
Seated in Biodex isokinetic 
dynamometer. Action: to resist an 
unexpected drop (release of lever 
arm from locked position) when 
shoulder in 90° abduction.
EMG onset times determined as point at 
which signal exceeded 10% of MVIC 
amplitude. Latencies (muscle response 
times in test) calculated.
Cools et al 
(2007)378
Seated on Biodex, isokinetic 
dynamometer Sitting, trunk 
fixation.(l) Isokinetic abduction/ 
abduction in frontal plane 120°/s, 
(2) external rotation in
45°scaption (30° anterior to 
coronal plane) 60°/s.
Average normalised EMG amplitude of 
the 5 repetitions of each activity.
Finley et al 
(2005)379
Wheelchair transfers from chair to 
bed from dominant and non­
dominant sides.
Normalised peak EMG amplitude during 
phases of transfer (each 30° of humeral 
elevation).
Ludewig and
Cook (2000)19
Standing, unilateral scaption with 
and without a 5 or 10 lb (2.3/4.6 
kg) load. One cycle every 4 
seconds guided by metronome 
and flat surface
Average normalised EMG amplitude for 
each of the 3 phases of humeral elevation 
(31-60°,61-90°, 91-120°), taken from the 
middle 3 of 5 trials
Moraes et al 
(2008)380 
(Onset times)
Standing, bilateral scaption, (30° 
ant to coronal plane) position 
guided flat surface. Performed at 
comfortable speed on verbal 
command
EMG onset times (relative to verbal 
command) determined as the point at 
which signal exceeded mean baseline by 2 
SD for 50 ms.
Morais Faria et al 
(2008)124 
(%MVCemg)
Standing, lowering the arms from 
full bilateral scaption (30° 
anterior to the frontal plane). 
Performed at ‘comfortable speed’ 
guided flat surface
Average normalised EMG amplitude from
3 repetitions of arm lowering, split into 6 
phases: (1) full elevation to 150 degrees, 
(2)150-120°, (3)120-90°, (4) 90-60°, (5) 
60-30° and (6)30-0°. Coactivation ratios 
also calculated.
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Continued Table 2-17
p Task (test procedures and
_J________________ functional movement)___________
Reddy et al Scaption from 0-120° elevation,
(2000)'° elbow straight, whilst holding a
weight which is 25% of their 
NMW. 100° per second guided by 
metronome and flat surface 
(second beat of metronome full 
___________________elevation, 3rd beat return to start).
Wadsworth and Standing, scaption to 160° (30° 
Bullock-Saxton degrees anterior to the frontal 
(1997)73 plane). Guided by vertical guiders
and metronome to achieve arc of 
movement per second.
EMG variables analysed
Average normalised EMG amplitude for 
each phase of scaption (30-60°, 60-90° and 
90-120°).
EMG onset times (relative to movement) 
determined as point at which signal 
exceeded 5% of maximum amplitude (and 
visual determination for SA).
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Table 2-18: Muscle activation level and onset compared between SIS patients and control from 9
studies (11 publications)
Paper
Pa
tie
nt
 |
C
on
tr
ol Shoulder Muscles
AD MD PD LS UT MT LT SA LD TM PM BB SSP ISP SUBS RM
EMG Activity Level
Bandholm 9 9 S s - - s - s s s - - - IM IM - -
Ludewig 25 25 - - - - s - s s
Brox 10 9 - s - - s - - - - - - - IM - - -
Clisby 14 18 - s s - - - - - - - - - - s - -
Cools 39 30 - - - - s s s
Morais 10 10 - - - - s s s
Finley 10 13 s - - - s - s s - - - s - - - -
Reddy 15 15 - 1M - - - - - - - 1M - - IM IM IM -
EMG Activity Onset time
Cools As above - s* s s* s*
Moraes As above - - - - s s s s
Wadsworth 9 9 - - - - s - s s
S = Surface electrodes 
IM= Intra-muscular electrodes
* Both MT and LT muscles were found significantly delayed relative to MD muscle
Result of EMG activity (mean difference) in patients with SIS compared to controls
MD----
MD
UT
MT
LT
LT
SA
LD
ISP
SUBS
No significant difference
An increase in EMG activity at 25%MVC (observed but not reported)
A significantly decreased EMG activity during 60-90° concentric 
scapation in Brox et al., and at 70%MVC in Redy et al. studies 
Increased EMG activity during loaded and unloaded scaption >90°
A significant lower EMG activity during external rotation 
A significantly lower EMG activity
A significantly greater EMG activity between 61 ° to 90 ° and >90°
A significant decrease in activity of SA in Ludewig et al., study and a 
trend of decrease in other studies
A significant increase in activity was demonstrated at 20%MVC between 
45° to 60° degrees concentric abduction in subjects with SIS 
Significantly decreased EMG activity during 30-90 concentric scapation 
for ISP
A significant decrease in activity between 30° -60° of scaption
Compare the onset of muscle activation
I A highly significant delay in EMG onset
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Table 2 - 19: Proposed Biomechanical Mechanisms of Clavicular, Scapular or Humeral 
Kinematic Deviations (adapted from Ludewig and Reynolds, 2009).
Mechanism Associated Effects
Inadequate SA activation Lesser scapular upward rotation and posterior tilt
Excess UT activation Greater clavicular elevation, reduced scapular 
posterior tilt
Pectoralis minor tightness Greater scapular internal rotation and anterior tilt
Posterior capsule tightness Greater scapular anterior tilt, glenohumeral 
internal rotation deficit, greater humeral superior 
or anterior translation
Inadequate rotator cuff activation or partial 
tearing
Greater humeral superior translation, lesser 
humeral external rotation
Pectoralis major tightness Lesser clavicular retraction, greater humeral 
internal rotation
Thoracic kyphosis or flexed posture Greater scapular internal rotation and anterior tilt, 
lesser scapular upward rotation
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2.20 Electromyography and Muscle Fatigue
2.20.1 Concept of Muscle Fatigue
Fatigue is a daily living experience, but its definition in the clinical context is very 
complex. Vollestad (1997)381 defined muscle fatigue as any exercise-induced 
reduction in the capacity to generate force or power output. Skeletal muscle fatigue 
is a reversible phenomenon that is characterized by an initial subclinical phase, 
followed by a progressive clinical one and may eventually reach a point of failure of 
performance.
The initial subclinical phase occurs at the cellular level where ionic and metabolic 
changes take place since the very beginning of muscle effort. The clinical phase may 
be described as a feeling or sensation of weakness, muscle pain and progressive 
decline in force, velocity and accuracy of a performed task382. The progress of 
fatigue during these phases is based on the intensity and duration of the muscle 
activity.
Generally, EMG is a good diagnostic tool to measure muscle fatigue which could be 
induced either by a sustained maximal or even submaximal effort. Of course, the 
myoelectric changes and decline in performance is not immediately apparent if a 
submaximal activity is performed, and in this situation fatigue manifests itself as 
inability to continue the activity at the original intensity383. Muscle fatigue is a 
protective mechanism that prevents mechanical and biochemical damage to occur in 
a muscle, which recovers its normal activity after a sufficient period of rest.
2.20.2 Classification
There are numerous EMG studies on muscle fatigue but with confusing outcomes, 
probably due to existence of different kinds of fatigue. Analysis of changes in MU 
potential or M-wave size and shape with fatigue suggests peripheral factors that 
contribute (together with the central factors) to changes in amplitude and spectral 
characteristics of EMG signals347.
2.20.2.1 Central Fatigue
Central fatigue is defined as any exercise-induced reduction in maximal voluntary 
contraction force which is not accompanied by the same reduction in maximal 
evocable force that is defined as the force generated by a muscle or group of muscles 
when additional electrical stimulation does not augment force381.
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Normally a muscle activity commences as a central command at the level of the 
motor cortex or as a reflex signal starts at the spinal cord384,385. In the classic study 
by Merton (1954)386 on the human adductor pollicise the reduced force production in 
a prolonged voluntary contraction could not be improved by direct motor nerve 
stimulation and it was concluded that reduced central drive and impaired 
neuromuscular transmission were unimportant. Recently, Kremenic et al. (2009)387 
used peripheral magnetic stimulation to evaluate central fatigue on 11 trained male 
cyclists and demonstrated that the cyclists experienced significant central fatigue 
during prolonged cycling387.
Change in surface EMG activity may reflect changes in motor unit recruitment 
strategy by the CNS and/or peripheral changes, such as impairments in 
neuromuscular transmission or action potential propagation along the muscle fibres. 
Normalization of the integrated EMG signal to the M-wave (muscle compound 
action potential) amplitude or area is used to minimize peripheral contamination and 
hence enhance the sensitivity of this method to assess the level of central motor 
output388.
2.20.2.2 Local Muscle Fatigue
HIGH MUSCLE LOAD
ACCUMULATION OF PRODUCTS
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Figure 2-15: Excitation-contraction disturbance in local muscle fatigue389 
Increased muscle activity leads to increased rates of Na+influx in muscle fibres and 
K+efflux from them. The finding that K+is accumulated extra-cellularly and 
Na+intra-cellularly suggests that activation of the Na+-K+pump is insufficient390, or
iGlucosel * ATiP X-C i-----1tex
Glycogenolyeir -ADP
Glycolysis
---------Pyruvate^ \
frCA cycle}-
[Acetyl-CoA|
Cp2
h2o
I Lactate 11 Fatty Acids!
Review of Literature 73
Subacromial Impingement Syndrome (2012)
that the pump capacity is limited. Increased extra-cellular K+ induces a decrease in 
the membrane potential and causes a reduced amplitude and propagation velocity of 
LAP391. Since IAP is the first step in the chain of excitation contracting events392, it 
has been suggested that alteration in sarcolemma function induces muscle fatigue by 
preventing cell activation393. Edwards has suggested that cell depolarization would 
provide a safety mechanism to protect the cell against ATP depletion and 
Ca2+accumulation389 [Figure 2- 15].
Furthermore, several studies reported the effect of blood flow on muscle activity and 
demonstrated that, even at quite low force levels (10-15% of MVC); the muscle has 
inadequate blood supply possibly due to increased intramuscular pressure above 
normal capillary perfusion394,395. In daily activity, the muscle contraction is 
intermittent, so that sufficient blood flow with oxygen will maintain the aerobic 
metabolic pathways for sufficient ATPs396'398.
2.20.3 Electromyography Power Spectrum and Muscle Fatigue 
Piper (1912)3" was the first who observed a reduction in frequency (slowing of 
rhythm) as recorded by the string galvanometer and during a sustained forearm 
muscle contraction using a dynamometer. Eleven years later Cobb and Forbes 
(1923)400 found an increase in amplitude of individual action-currents in EMG of 
rapidly fatigued muscles. Since then, the studies can be divided into investigations 
directed at discovering myoelectric signs of fatigue and/or causes for fatigue347.
The EMG parameters such as RMS MnF and MdF are commonly used to assess the 
myoelectrical changes of a fatigued muscle as well as the input of CNS to that 
muscle. However, these estimators are influenced not only by CNS input, but also by 
peripheral muscle properties401. The EMG power spectrum is influenced by many 
factors such as the force level, temperature, action potential conduction velocity, 
firing rate and synchronization of active motor units as well as type of contraction. 
On the assessment of muscle fatigue based on EMG power spectrum, the conditions 
must be comparable to evaluate possible differences in the spectrum as a result of 
muscle fatigue per se. This is fulfilled when registrations of muscle fatigue are 
performed during isometric contractions402.
Surface EMG is a summation signal from a large number of motor units that reflects 
the activity in the whole muscle, while intramuscular EMG represents a more
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specific part of the muscle. By simultaneous surface and intramuscular EMG 
recordings, it is possible to elucidate to what extent the surface EMG registered in 
the field mirrors the intramuscular EMG402. Christensen and colleagues (1995)402 
recorded the EMG power spectrum from the BB with simultaneous use to surface 
and intramuscular FW electrodes. Differences in the power spectrum as reflected by 
MnF and MdF was attributed to the variation between the distance of surface 
electrodes403; together with the low-pass filter effect because of subcutaneous fat.
2.20.4 Electromyography and Muscle Fatigue in Normal Daily 
Life
A survey was conducted on musculoskeletal and fatigue symptoms related to 
individual and work-related risk factors among middle-aged female workers in a 
frozen food processing factory by using a self-administered questionnaire. 
Proportions of workers who frequently experienced, during the last one month, stiff 
muscle or pain in the neck-shoulder, back and lower limbs were 32.9%, 26.8% and 
15.9%, respectively. The proportion for fatigue symptom was 30.5%. Factors related 
to fatigue were: short duration of employment, light body weight, long house work, 
short sleep hours, walking to and from work, those related to back pain were: high 
body height, light body weight, those related to lower limb symptom were: working 
height below hip height, working height above shoulder height, high body height and 
low body height404. Following a task to fatigue SA on 28 asymptomatic participants, 
higher mean activation levels were observed in UT in contrast to SA and LT. Higher 
mean of UT activation may be compensatory for fatigue of other shoulder muscles 
and may reflect fibre type or central control mechanisms405.
2.20.5 Electromyography and Muscle Fatigue in Patients with 
Subacromial Impingement Syndrome
A number of studies have identified occupational risk factors that are associated with 
musculoskeletal disorders. In particular, repetitive movements, prolonged static load 
on the muscles and extreme working postures are considered physical work-related 
risk factors406. It is, however, remarkable that even very low loads and even in the 
absence of awkward body posture work-related upper extremity disorders may 
occur407. Chronic pain may lead to the impairment of the normally first recruited 
low-threshold MUs and it is known as ‘the Cinderella Hypothesis’408. The Cinderella 
hypothesis implies that long periods of activation without sufficient relaxation of the
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muscle will result in muscle fibre damage and muscle-related pain. The Cinderella 
hypothesis was the main research topic of the European Concerted Action ‘Procid’ 
and during its 3 years duration substantial evidence has been gathered that the 
hypothesis has a valid scientific basis409,410.
Kallenberg et al. (2007)411 investigated the UT on the dominant side using EMG 
signs during a sustained fatigue-developing task in 10 healthy volunteers and 10 
workers with chronic neck-shoulder pain. They observed less myoelectric response 
in patients to the fatiguing task than controls (i.e. less increase in RMS, decrease in 
MdF and decrease in CV). Their explanation was that patients with chronic pain 
have already fatigued or impaired low-threshold MUs408; therefore, higher-threshold 
MUs would be recruited to maintain required force. The additional recruitment may 
mask the myoelectric manifestations412.
2.20.6 Factors Influencing Muscle Fatigue
(1) Task-dependent factors in fatigue of human voluntary contractions. The fatigue is 
not caused uniquely by any common set of factors, but rather the amount of stress 
placed on each site depends on the type of exercise from which fatigue develops. 
Perhaps the neuromuscular system as a whole is so well adjusted that any task- 
related additional impairment at one site is compensated by corresponding functional 
improvements at others. We suggest that nature has had a long time in which to ‘get 
it right’413.
(2) A fatigue-induced reflex inhibition of motorneurone firing rates. These are 
inhibited by a reflex from the muscle during fatigue414.
(3) Changes in muscle contractile properties and neural control during human 
muscular fatigue. Evidence is presented that, in fatigue of sustained maximal 
voluntary contractions (MYC) executed by well-motivated subjects, the reduction in 
force-generating capacity need not be due to a decline in CNS motor drive or to 
failing neuromuscular transmission, but can be attributed solely to contractile failure 
of the muscles involved415. However, despite this conclusion, both the integrated 
EMG and the mean firing rate of individual motor units do decline progressively 
during sustained MVC. This, however, does not necessarily result in loss of force 
since the parallel slowing of muscle contractile speed reduces tetanic fusion 
frequency. It is suggested that the range of motoneuron firing rates elicited by
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voluntary effort is regulated and limited for each muscle to the minimum required 
for maximum force generation, thus preventing neuromuscular transmission failure 
and optimizing motor control. Such a CNS regulating mechanism would probably 
require some reflex feedback from the muscle416.
(4) Contractile speed and EMG changes during fatigue of sustained MVC. During a 
60 seconds sustained MVC, there is a progressive slowing of contraction speed such 
that the excitation rate required to give maximal force generation is reduced. The 
simultaneous decline in EMG may be due to a continuous reduction in motoneuron 
discharge rate, and the EMG decline may not necessarily contribute to force loss415.
2.21 Electromyography General Considerations
2.21.1 Cross Talk
It is theoretically possible to detect the electrical signal that emanates from an active 
muscle fibre at any point within the tissue111. However, the amplitude of the 
detected signal decreases as the distance between the active muscle fibre and the 
electrode increases417. The detection of myoelectric signals from muscles other than 
the muscle directly underneath the surface electrode is known as cross talk and may 
lead to confounding interpretations of EMG signals. Placing the electrode centred on 
the aimed muscle, away from its edges and oriented parallel to the muscle fibres 
reduces the phenomenon of ‘cross-talk’418. Fine wire electrodes, with a significantly 
smaller pick-up area, are less susceptible to cross talk419.
2.21.2 Electrode Selectivity and Pick-Up Area
The pick-up area represents an area in which all electrical signals will be detected by 
the electrode. Thus, surface electrodes with smaller pick-up areas represent 
electrodes that are selective. A bipolar electrode configuration has a smaller pick-up 
area than a monopolar configuration111.
2.21.3 Electrodes Size
The electrode size is defined by ‘Surface EMG for the Non-Invasive Assessment of 
Muscles (SENIAM) group’ as the size of the conductive area of a surface electrode. 
The circular bipolar detectors of 1 cm diameter are recommended as the electrodes 
are able to pick the deep myoelectric signals rather others from surroundings420.
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2.21.4 Electrocardiogram Interference
The highly organised electrical activity of the heart has the potential to contaminate 
signals obtained from the shoulder musculature, particularly on the left side of the 
body. Due to the location of electrodes, ECG contamination may be present in the 
signal obtained from the SA, LD, TM, PM and to a lesser extent the UT. ECG 
reduction algorithms are available which selectively eliminate ECG artefact spikes. 
The algorithms combine pattern recognition and adaptive filtering. An area of 
contaminated signal recorded while the subject is at rest can be utilised to remove the 
ECG artefact from the remaining signals345.
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3 CHAPTER THREE: MATERIAL AND METHODS
3.1 Study Design
A case-control study of subjects with and without Subacromial Impingement 
Syndrome (SIS)
3.2 Site of Study
The study was conducted initially in the physiotherapy department of the Royal 
Liverpool Hospital (September 2009 - February 2010) and then in the EMG room at 
the Magnetic Resonance and Imaging Analysis Research Centre (MAR I ARC), 
University of Liverpool (September 2010 - January 2011).
3.3 Ethical Approval
The study was approved by the local research ethics committee (NRES Committee 
North West - Liverpool Central).
3.4 Subjects
3.4.1 Recruitment
The healthy volunteers ‘Control Group (CP)’, included university students and staff, 
as well as other workers in the society who were recruited through University of 
Liverpool intranet announcements and other public centres. The controls had no 
medical history of upper extremity, neck and back problems confirmed during 
interviews and clinical assessments.
The patients with the diagnosis of SIS were identified and recruited through the 
Physiotherapy department and Upper Limb Unit at the Royal Liverpool and 
Broadgreen University Hospitals who had been clinically assessed by an upper limb 
physiotherapist or consultant.
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3.4.2 Patient Inclusion Criteria
Patients with persisting shoulder pain for at least 12 weeks and revealed positive 
clinical tests for SIS were included.
3.4.3 Patient Exclusion Criteria
Patients with previous treatment other than medication for pain during the last three 
months, clinical evidence of hypermobility syndrome, osteoarthritis of the GHJ, 
systemic diseases that may affect the function of neck, back and upper limb; and 
major trauma to the upper limb during the last 6 months were excluded.
More details of the study groups are provided in chapter four (Participants)
3.4.4 Participant’s Information Package
Potential participants from healthy volunteers and patients received invitation letter 
to take part in the study and provided with a ‘participant information package’ 
containing details on the study venue, experimental protocol and involved 
measurements, and any possible risks. They were given sufficient time to review the 
package and have their questions answered before making a final decision on 
participation in the study.
3.4.5 Sample Size
The sample size of 34 healthy controls and 39 patients with the diagnosis of SIS was 
considered sufficient to provide 80% power to detect differences of 5 degrees or 
10% of maximal voluntary contraction (MVC), mean amplitude, median frequency 
or slope between the groups of interest.
3.5 Consent Form
On attending the site of study, the experimental protocol, procedures including video 
recording, and confidentiality of data were explained to the participants. All 
participants gave their consent by signing an approved consent form prior to taking 
part in the study.
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3.6 Methods
The experimental measurements were grouped into non-EMG and EMG tests. The 
non-EMG section, which lasted about 2 hours, involved the assurance, clarification 
of any doubts, a comprehensive clinical assessment, completion of patient-rated 
questionnaires and scores, and measurements of upper body posture, muscle strength 
and functional impairment. The EMG section lasted between 90 minutes to 2 hours 
and included electrode placement, manual muscle testing, and different EMG 
recording protocols designed for the assessment of muscle activation patterns and 
muscle fatigue. Participants were given the options of completing experiments either 
in one or two sessions.
3.6.1 Clinical Assessment
3.6.1.1 History and Physical Examination
The medical history and physical examination were documented on a study-specific 
data collection form [Appendix I] and recorded on video files for all participants. 
Physical examination included points of tenderness, active and passive range of 
motion and a set of general and disease-specific clinical tests [Table 2-7, Table 2 - 
8, Table 2-9 and Appendix III], which allow proper diagnostic approach to SIS in 
patients and ensure the absence of clinical findings in healthy controls.
3.6.2 Questionnaires
A combination of upper extremity and generic questionnaires were used to provide 
further information on pain, functional impairment, alterations in daily living 
activities, and quality of life from participants’ perception. These questionnaires and 
scores were completed at the time of rest between different experiments. Every 
questionnaire was provided with clear self-explaining statements for easy reading, 
understanding and completion. Further clarifications were provided by the 
investigator as appropriate [Appendix I].
3.6.2.1 Constant - Murley Score
The Constant - Murley Score (CMS) is a validated and widely used shoulder-specific 
evaluation scale, which combines subjective and clinical assessments. It includes 
inquiries about intensity of pain (15 points), daily living activities (20 points), range 
of motion (40 points) and power (25 points)278. The total score is 100 (normal 
status).
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3.6.2.2 Oxford Shoulder Score
The Oxford Shoulder Score (OSS) is a shoulder-specific tool originally designed by 
Dawson et al. (1995)421 for measuring the outcome of non-stabilizing shoulder 
surgery. The original study included 111 of patients, 79 (67.5%) diagnosed as having 
an impingement syndrome with or without a rotator cuff tear. The OSS is widely 
used in many countries and extended to include patient-report outcome from chronic 
inflammatory and degenerative diseases, therefore, recommendations were raised to 
review the items and change the scoring system283. There are 12 item in this tool 
with individual score of 0 (the worst) — 4 (the best) and a total score of 48.
3.6.2.3 Upper Limb Function Index
The Upper Limb Function Index (ULFI) is a validated specific instrument for the 
upper limb that can be completed by the patient to indicate the status of functional 
loss287. It includes 25 statements which focus on the upper extremity dysfunction 
and related changes in health. The individual scores are added and multiplied by 4 to 
obtain a maximum of 100% which indicates the worst function.
3.6.2.4 The Disability of the Arm, Shoulder and Hand
The Disability of the Arm, Shoulder and Hand (DASH) was developed by American 
Academy of Orthopaedic Surgeons (AAOS) along with Institute for Work & Health 
(Toronto, Ontario, Canada) to assess upper extremity-related symptoms and measure 
functional status at the level of disability285. The DASH is a 30-item questionnaire 
covering symptoms (pain, weakness, stiffness and tingling/numbness); daily and 
recreational activities, social interaction and psychological function with 2 optional 
modules related to the work and sports. The total score for the 30 item is 100 (the 
worst function) and each optional modules maximally scores 100 (the worst 
function). A DASH score may not be calculated if there are more than 3 missing 
items.
3.6.2.5 General Health SF-12
The General Health SF-12 (GHSF-12) is a 12-item health survey, which is used to 
quantify the impact of health on performance. Scoring algorithms from the general 
population are used to score 12-item versions of the two components (Physical 
Components Summary and Mental Component Summary)422.
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3.6.2.6 Hospital Anxiety and Depression Scale
HADS is a valid, reliable and practical tool that is used to identify and quantify the 
two most common forms of psychological disturbances in medical patients. It 
consists of 7 items anxiety and seven depression components)288.
The HADS consists of 7 items relating to anxiety and 7 items relating to depression, 
with both subsets intermingled within the questionnaire. Each item is rated as 
follows: ‘Yes definitely’, ‘Yes sometimes’, ‘No, not much’, or ‘No, not at all’. Each 
response is scored from 0-3 depending on the wording of the question. The total 
score for the depression subscale is the combined score for each of the questions 
relating to depression. Similarly, the total anxiety score is calculated in the same 
manner. According to Zigmond (19B3)288, a score of 7 or less represents a non-case, 
scores of 8-10 doubtful cases and scores of 11 and above definitive cases.
3.6.2.7 McGill Pain Questionnaire
The McGill Pain Questionnaire (MPQ) addresses the character of pain and intensity 
that needs consideration. MPQ collates words used to describe pain, categorises 
them and assigns them to a common intensity dimension298. Subjects are instructed 
to select one word from each category that best describes their present pain. If a 
category is not applicable, this is left out. Part 2 of the questionnaire relates to the 
pattern of pain and part 3 to pain intensity. Part 3 utilises the words mild (1 point), 
discomforting, distressing, horrible and excruciating (5 points) to describe Present 
Pain Intensity (PPI). The questionnaire sensitivity and construct validity has been 
reported 423,300. A number of scores are deducible from the questionnaire, 6 relating 
to pain quality and 1 relating to pain intensity299. However, the three main measures 
are the Pain Rating Index (PRI), Number of Words Chosen (NWC) and the PPI. The 
scoring of the first and third measures was used as illustrated in Table 3—1.
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Table 3 - 1: The scoring system used for the major outcomes of the McGill pain questionnaire
Part Range Description
Pain Rating Index (PRI) 0-78 The sum of the words chosen in 
the different categories of 
sensory, affective, evaluative and 
miscellaneous groups
Present Pain Intensity (PPI) 1-30 The scale
3.6.3 Measurement of Muscle Strength (Isometric Maximum
Voluntary Contraction)
3.6.3.1 Equipment
Mecmesin Shoulder myometer [Figure 3-1] and Emperor Lite software (Mecmesin 
Ltd. Slinfold, UK) was used to measure and record the strength of different shoulder 
muscle groups. The myometer has an accuracy of ± 0.1% of full-scale and 1000 N 
capacity. The data could be real-time seen on a digital display screen. The myometer 
was fixed on an extension arm attached to a chair designed for the strength 
measurements. The extension arm is mobile and can be adjusted to the participant’s 
upper limb position and length. The isometric MVC was measured in Newton (N) 
units with a feedback on the computer screen424,425.
Figure 3-1: Nottingham Mecmesin myometer
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3.6.3.2 Protocol
Participants were seated in upright position with both hips and knees flexed to 90° 
and feet apart and flat on the ground. Strength was measured bilaterally in four 
standard movements: (1) foreward elevation with the shoulder at 90° flexion, elbow 
in extension and the forearm in pronation [Figure 3 - 3A], (2) scapular plane 
elevation with the shoulder at 90° of abduction, elbow in extension and the hand in 
‘full can’ position [Figure 3 - 3B], (3) and (4) External and Internal rotation with the 
shoulder in neutral position, the elbow in 90° flexion tucked to the side of the body 
and the forearm in neutral position [Figure 3 - 3C and D]. The strap of Mecmesin 
myometer was placed at the wrist level.
After measurement-related instructions, participants were allowed to familiarise 
themselves with the myometer and the feedback on the computer screen. Both 
shoulders were tested three times for 5 seconds with 60 seconds rest in between the 
measurements133,426. During the experiment subjects received verbal encouragement 
in order to improve maximal muscle contraction. The order of movement measured 
was chosen randomly. The maximum of the three measurements is considered 100% 
MVC. The strength measurement protocol is summarised in Figure 3-2.
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pronation)
GHJ abductors(90c abduction in the scapularplane,Oc elbow- 
ex tension and hand in pronation).
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flexion, andforeatm in neutral rotation).
Internal rotators (the sam e position asfor external rotators).
The subjects have 60 secondsrest in between every three trials.
The averagedMVIC for each 3 trials is calculated and recorded in 
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Figure 3-2: Measurements of muscle strength
Figure 3-3: Muscle strength measurements.
(A) Isometric MVC at 90° right shoulder flexion, (B) isometric MVC at 90° left shoulder abduction in 
scapular plane, (C) isometric MVC at left shoulder external rotation, and (D) isometric MVC at right
shoulder internal rotation
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3.6.4 Postural Measurements
The distance between specific reference points around the shoulder reflects the 
position of the scapula and its relation to the axial spine and allows the comparison 
of anterior soft tissue length with the soft tissue on posterior aspect103’427’428. Lateral 
scapular slide test indicates of rhythmic motion of the scapula and humerus18,15. All 
these measurements were performed bilaterally.
3.6.4.1 Measurement Tools
The tools included: (1) a measurement tape to measure distance 
between reference points and record it to the nearest millimetre,
(2) a flexicurve ruler to measure the length and depth of the 
thoracic spine (C7 to T12 spinous process) [Figure 3 - 4], (3) a 
plumb line as a vertical reference, (4) non-allergenic adhesive 
markers of 6.5 mm in diameter to mark the reference bony 
landmarks and (5) a Sony camera used to draw and measure 
angels of interest.
Figure 3-4: Flexicurve ruler
3.6.4.1.1 Position and Preparation
Each subject stood 30 cm in front of a plumb line hanging from the ceiling, and 20 
cm away from a wall on their side. The position was marked on the floor to keep it 
consistent for all participants. The following bony prominences were palpated and 
identified with the non-allergenic adhesive markers: (1) the posterior-lateral angle of 
the acromion (point A), (2) root of the spine of the scapula (point B), (3) the inferior 
angle of the scapula (point C), (4) thoracic spinous process levelled with the 
posterior-lateral angle of the acromion (point D), (5) thoracic spinous process 
corresponding with the root of the spine of the scapula (point E), (6) thoracic spinous 
process corresponding to the inferior angle of the scapula (point F), (7) tragus of the 
ear (point G), (8) seventh cervical (C7) spinous process to which a 3-cm straw 
marker was attached (point H), (9) mid-point of the humeral head was a point half­
way between the acromion process and posterior acromial angle and 4 cm downward 
on the lateral aspect of the shoulder (point I), (10) mid-point of the sternal notch 
(point J), and (11) the tip of the coracoid process (point K) [Figure 3 - 5].
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Figure 3-5: Reference point for postural measurements
3.6.4.2 Measurement Protocol
The participants were asked to do relaxing exercise and adopt a comfortable standing 
position. Five sets of measurements were performed on every subject: (1) FHP and 
FSP angels, (2) scapular protraction, (3) Scapular index, (4) lateral scapular slide 
test, and (5) thoracic kyphosis index. All measurements were repeated 3 times, 
averaged and recorded [Appendix I].
3.6.4.3 Measurement of the Forward Head Posture and Forward 
Shoulder Posture Angels
A lateral photograph was taken for the cervicothoracic region with a digital Sony 
Camera, set at 100 ASA and a 28- to 50-mm adjustable lens103. The camera was 
placed 2 meters from the subject and mounted on a levelled tripod. The C7 marker 
was placed approximately in the centre of the lens in order to eliminate lens error. 
The base of the camera was parallel to the ground and the front of the camera was 
parallel to the facing wall to minimize parallax error [Figure 3-6]. This procedure 
has been used in previous published studies154.
Figure 3-6: Measurement of forward head posture and forward shoulder posture angels
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3.6.4.4 Measurement of Normalized Scapular Protraction
Using a measuring tape, the distances AE and A’E then AB and A’B’ were measured
as shown in Figure 3-7. Those measurements were used to evaluate the normalized
scapular protraction (NSP), by dividing the length AE by the length AB and A’E by
A’B’.
Figure 3-7: Reference points for the measurements of posture
Using normalized protraction ratio reduced the impact of relative body size of an 
individual on the results. A larger value for the normalized protraction ratio would 
indicate that the scapula is relatively more protracted.
3.6.4.5 Scapular Index
The distance from the mid-point of the sternal notch (J) to the medial aspect of the 
coracoid process on each side (K, K’) and the horizontal distance from the 
posterolateral angle of the acromion on each side (A, A’) to the thoracic spine (D) 
were measured [Figure 3-5 and Figure 3 - 7]. The scapula index (SI) was 
calculated on each side as a potential clinical measurement indicating pectoralis 
minor influence on scapular position, using the equation: [(J) to (K)/(A) to (D) x 
100] on the right side and [(J) to (K’)/(A’) to (D) x 100] on the left side429.
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3.6.4.6 The Lateral Scapular Slide Test
LSST was based on the measurement of the distance between the inferior angle of 
each scapula [Figure 3-7, point C and C’] and the nearest thoracic spinous process 
[Figure 3-7, point F]218. The measurements were taken in three different positions, 
repeated three times, and averaged. In the first position, subject’s arm was placed at 
the sides in the anatomical resting position [Figure 3 - 8A]. In the second position, 
the arms were placed on the hips, with the fingers anterior and the thumb posterior 
[Figure 3 - 8B]218. In the third position, the arm was elevated 90° with maximal 
internal rotation (thumb to floor) at the GHJ [Figure 3 - 8C].
Figure 3-8: Measurements of Lateral Scapular Sliding Test 
(A) Arm at the side, (B) Arm abducted with hand at waist, (C) Arm in 90° scaption and IR
3.6.4.7 Thoracic Kyphosis Index
In a standing position, the subject’s thoracic spine curvature was 
measured by locating the C7 and T12 and placing a flexible ruler 
along the contour of the spine between those landmarks. The ruler 
was then marked at C7 and T12 before removing it from the 
subject. The depth of the curve was divided by the height of the 
curve to determine the thoracic kyphosis index (TKI) [Figure 3 -
9]430
C7
Figure 3-9: Flexicurve measurements 
of the thoracic kyphosis index
Material and Method 90
Subacromial Impingement Syndrome (2012)
3.6.5 Functional Impairment Test-Hand and Neck/Shoulder/Arm 
The Functional Impairment Test-Head and Neck/Shoulder/Arm (FIT-HaNSA) has 
been designed to assess the upper limb function during 3 tasks which simulate daily 
living activities of forward reaching in different levels and overhead work58. 
Initially, the test was refined based on a pilot tested 5 patients with severe shoulder 
impingement and matched to controls, followed by reliability assessment on 10 
healthy subjects and finally validated on 17 patients with mild to moderate shoulder 
pathology58. Furthermore, the reliability and validity were reconfirmed on a larger 
group of participants including 36 patients with shoulder disorders and 65 healthy 
subjects431. All participants followed the protocol as recommended by MacDermid 
et al. (2007)58 and outlined in Appendix V.
3.6.5.1 Testing Apparatus
A purpose built shelving system was prepared by the Clinical Engineering 
Department (Royal Liverpool University Hospital, UK) as a requirement for an 
MPhil protocol on the factors influencing the shoulder function in patients with 
massive rotator cuff tears (Hawkes, 2009)374. The specifications of this shelving 
system were similar to that described by MacDermid et al. (2007)58 [Figure 3 - 10A]. 
The system was a frame-like mobile unit and weighted at the bottom for stability. 
The shelves were adjustable and were set at desirable levels stated in the protocol 
and in accordance with the participant’s waist and eye levels. In the first two tasks, 
three 1 kg containers were placed on the lower shelf and 25 cm apart. The 
containers’ position was visually guided by three rounded coloured markers [Figure 
3 - 10D].
Material and Method 91
Subacromial Impingement Syndrome (2012)
Figure 3-10: Functional impingement test-hand and neck/shoulder/arm (FIT-HaNSA) shelving
system
Purpose built shelving system designed for the FIT-HaNSA functional performance test. A - Shelving 
unit; B - shelves (with weights) set 25 cm apart; C - three 1kg weights; D - coloured markers used to
guide weight placement
An additional perpendicular plate could be easily and securely attached to the top 
shelve for the third task. The plate had three holes where two bolts and their nuts could 
inter-change their positions. Extra bolt and nut were kept for need [Figure 3-11],
Figure 3-11: Functional impingement test-hand and neck/shoulder/arm (FIT-HaNSA) dexterity
plate, bolts and nuts
(A) Dexterity plate attached to the shelf; (B) bolts (black) and nuts (white) used as part of ‘Task 3 —
overhead work’.
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3.6.5.2 Testing Protocol
The participant stood up-right with the feet apart and flat on the ground. The distance 
from the apparatus was set as the elbow tucked at the side and the tip of the index 
finger just touched the shelf at the waist level. This position was maintained in all 
tasks.
The ‘waist-up’ task (WUT) was performed first, using the dominant or non-dominant 
hand in healthy volunteers and the affected hand in patients. Three weights were 
lifted sequentially from the lower shelf at the waist level to the higher shelf 25 cm 
above the lower one and then returned to the lower shelf. The pace was governed by 
a metronome set to 60 beats per minute. Beat 1 corresponds with lower shelf contact 
and beat 2 with higher shelf contact [Figure 3 - 12A and Table 3-2].
The ‘eye-down’ task (EDT) was performed after 30 seconds of rest following the 
first task. The higher shelf was placed at the eye level and the lower one was 
adjusted 25 cm below. The three weights were lifted sequentially from the lower to 
the higher shelf, guided by the metronome and coloured spots on the shelves [Figure 
3 - 12B and Table 3 - 2].
The ‘over-head’ task (OHT) was performed after 30 seconds of rest following the 
second task. The participant was facing the perpendicular plate which was placed 
and secured on the shelf at the eye level. Initially one bolt was placed at the upper 
hole and the second at the lower one. The bolts are arranged so that the standoff and 
nuts are on alternating side. The subject used both hands together to unscrew the top 
bolt and move it to the middle hole, unscrews the second bolt and moved it to the 
upper hole and again the first bolt was moved to the lower hole. That pattern was 
repeated sequentially for 5 minutes [Figure 3 - 12C and Table 3-2].
Material and Method 93
Subacromial Impingement Syndrome (2012)
Figure 3-12: Function impairment test-hand and neck/shoulder/arm.
The three tasks include: (A) Waist-up task, (B) eye-down task and (C) over-head task.
Material and Method 94
Subacromial Impingement Syndrome (2012)
Table 31-2: Protocol Summary of functional impairment test-hand and neck/shoulder/arm
Task and
Rest
Lower Shelf 
Position
Higher shelf 
position Action Guide Duration
First:
Waist-up
Task
Waist level 25 cm 
above the 
lower shelf
Lifting 3 
weights from 
lower to higher 
shelf and return
Metronome set to 
60 beats/minute 
Coloured spots on 
shelves
5 minutes
Rest * Relax ; 30 seconds.
Second:
Eye-down
Task
25 cm 
below the 
higher shelf
Eye-level Lifting 3 
weights from 
lower to higher 
shelf and return
Metronome set to 
60 beats/min 
Coloured spots on 
shelves
5 minutes
Rest Relax £ , vS - - 30 seconds.
Third:
Over-head
Task
No Eye-level
with
perpendicul 
ar plate
Moving two 
bolts between 
three holes in 
rotation
Holes in the
perpendicular
plate
5 minutes
Each task was performed for 5 minutes or until the test stopping criteria were met58.
The stopping criteria include:
1. The subject stops or states it is too painful to continue.
2. The subject is severely off pacing to the extent that they are unable to complete 
one repetition of the movement within 2 beats of the metronome.
3. The subject substitutes using trunk/whole body movement and cannot correct 
with feedback for 5 successive repetitions of the task.
4. The examiner believes the subject is at risk of injury or adverse complication if 
tests were to continue.
3.6.5.3 Scoring
The time the participant took for each task was registered, on data collection form,
using a stopwatch (in seconds). The score for each task was presented as a
percentage with 100% representing the best function. The total FIT-HaNSA score
was determined by calculating the mean of the scores of the 3 individual tasks.
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3.6.6 Electromyography
3.6.6.1 Electromyography Equipment
A 16-channel wireless TeleMyo 2400T G2 system (Noraxon, Arizona, USA) was 
used for EMG data acquisition. The myoelectric signals were picked by bipolar 
surface and fine-wire electrodes, connected via pre-amplified leads to the Telemyo 
2400T G2 transmitter, and transmitted wirelessly (WiFi) to the PC through a USB 
powered mini-receiver. The transmitter was fastened around the participant’s waist 
to allow free mobility during a given task. [Figure 3-13].
Figure 3-13: Noraxon TeleMyo Electromyograph system 
(A) TeleMyo 2400 G2 Telemetry (16-channel transmitter) and (B) TeleMyo mini-receiver
Noraxon’s MyoResearch XP software (1.08.17 Master Edition) was used to control 
basic settings of the system, synchronize video camera and store real-time EMG data 
and video records. In addition, the software allows offline data processing, analyses 
and interpretation.
3.6.6.2 Basic Settings
The study used a combination of surface and fine-wire electrodes to collect EMG 
signals from 15 superficial and deep shoulder muscles. Therefore, the sampling 
frequency rate and high frequency cut off were set as 3000Hz and 1500Hz, 
respectively based on the Nyquist Theorem432’433. The Band pass filtering was 
performed off-line 10-500Hz for surface and 10-1500Hz for the fine-wire signal.
Material and Method 96
Subacromial Impingement Syndrome (2012)
This is in accordance with International Society of Electrophysiology and 
Kinesiology (ISEK) standards403. An adaptive cancellation algorithm was employed 
for those channels contaminated with ECG signal.
3.6.6.3 Video Recording
Synchronized digital video recording was performed during all EMG protocols with 
a video correction factor of 175 ms and 50 windows per second. EMG signals and 
videos were traced in real-time on the computer screen while the subjects performed 
the functional tasks.
3.6.6.4 Pre-Amplified Leeds
The first pre-amplified lead had three snaps and used to accommodate one bipolar 
dual snap surface electrode and a reference electrode with a single snap 
simultaneously. The other 15 pre-amplified leads had two-snap style and they were 
connected either to a bipolar dual snap surface electrode or a fine-wire adapter. The 
myoelectric signals were differentially amplified. The common mode rejection ratio 
of the amplifiers was >100 dB and the input impedance was >100 Mohm with a gain 
of 500 dB [Figure 3-14].
Figure 3-14: Pre-amplified leads
Lead No. 1 has three snap style connects to a surface electrode and a reference electrode 
simultaneously. Other leads have 2-snap style and connect to surface electrodes of fine-wire adaptors.
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3.6.6.5 Electromyography Electrode Selection and Properties
Either surface or fine-wire electrode was used to record EMG signals from 15 
shoulder girdle muscles as appropriate.
3.6.6.5.1 Surface Electromyography Electrodes
The surface electrodes were bipolar in configuration, 4 cm x 2.2 cm in size, figure-8 
in shape, Ag/AgCl in composition and dual-snapped in style for their connection to 
pre-amplified leads with an inter-electrode distance of 2 cm (Noraxon, Arizona, 
USA). They were disposable, self-adhesive and pre-gelled. A single round electrode 
with similar specifications placed on the ipsilateral acromion was used as a reference 
electrode [Figure 3-15 A].
3.6.6.5.2 Fine-Wire Intramuscular Electromyography Electrodes
For deep intra-muscular recording, the fine-wire electrodes (44ga x 100 mm) with 
paired hook wires (CareFusion, USA) were used. In order to introduce the fine-wire 
electrodes into a deep muscle, a hypodermic needle (27ga x 30 mm or 25ga x 50 
mm) was selected according to the depth of the studied muscle. At the distal end of 
the hypodermic needle, the paired hook wires could be seen in a length of 2 mm and 
5mm. The first wire was stripped of insulation on the first 2 mm, while the second 
wire is insulated for the first 3 mm and stripped for the next 2 mm [Figure 3 - 15 B].
Figure 3-15: Secured electromyography electrodes.
(A) Surface electrode and (B) fine-wire intramuscular electrode anchored to adapter by springs
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3.6.6.6 Electrodes Location and Placement
All electrodes were placed with participants in a sitting position which allowed 
appropriate identification of the target muscle and related anatomical landmarks. A 
skin marker pen was used to mark the thoracic spinous processes, shoulder girdle 
and borders of shoulder muscles. All requirements were shown in Figure 3-16.
3.6.6.6.1 Surface Electrodes
In order to achieve minimal skin impedance and proper electrode fixation, the skin 
over each selected muscle was shaved (if required), abraded with a skin gel 
(Nuprep), cleaned with alcohol and allowed to dry before placing the electrodes434'
437
(1) Razor, (2) Cotton wipe, (3) Cotton bud (4) Nuprep skin abrasive gel (5) Surface electrode with 
dual snap, (6) Reference electrode with single snap (7) Scissors (8) Alcohol wipes (9) Adhesive 
dressing (10) Anchored fine wire adapters (11) Skin marker (12) Sterile gloves (13) 30mm disposable 
hook wire electrodes, (14) 40mm disposable hook wire electrodes (15) Gauze (16) Transpore surgical 
tape, and(17) Alcohol hand wash
In principle, the surface electrodes were placed away from the edges of the muscle to 
avoid cross-talk, their orientation line should be parallel to muscle fibres to pick 
signal along their propagation, and approximately halfway between the innervations 
zone and the distal tendon434. The location of electrode placement for various
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muscles was determined based on standard guidelines provided in the literature 
[Table 3-3].
Table 3-3: Location of surface electrodes for shoulder muscle and relevant manual muscle tests
Muscle Electrode placement Manual muscle test
Anterior Deltoid
(AD)
Feel lateral half of clavicle and deltoid tubercle. 
Electrodes placed on the anterior aspect of 
shoulder, 4 cm below the clavicle orientated in 
parallel to the muscle fibres towards deltoid 
tubercle.
Forward flexion and 
abduction of the 
shoulder against 
resistance.
Middle Deltoid 
(MD)
Feel lateral border of acromion and deltoid 
tubercle. Electrodes placed on the lateral aspects of 
shoulder 3 cm below the acromion, over muscle 
mass, and orientated in parallel to the muscle 
fibres.
Shoulder abduction 
against resistance
Posterior Deltoid 
(PD)
Feel lateral third of scapular spine. Electrodes 
placed 2 cm below the lateral border of the spine 
of the scapula and orientated obliquely towards the 
arm, to run in parallel to the muscle fibres
Shoulder abduction 
against resistance
Levator Scapulae 
(LS)
Shoulder actively raised while head and neck 
turned to opposite side. Feel lateral border of UT 
and LS just anterior to it. Electrodes placed on LS 
2cm above supra-clavicular fossa and parallel to 
muscle fibres.
Shoulder elevation 
against resistance with 
the head and neck 
turned to opposite side
Upper Trapezius 
(UT)
Electrodes placed parallel to the muscle fibres 
along the ridge of the shoulder slightly lateral to 
the midpoint between C7 spinous process and 
acromion
Lift-up the shoulder 
against resistance 
(Shoulder shrug).
Lower Trapezius 
(LT)
Feel lower part of medial scapular border.
Electrodes placed 5cm below scapular spine and 
just medial to medial scapular border, Orientation 
line placed oblique in 55° upward and laterally
With the arm flexed to 
about 90° shoulder 
girdle rotated 
downward and medially
Latissimus Dorsi 
(LD)
Electrodes placed 4 cm below tip of inferior angle 
of scapula
Simultaneous shoulder 
extension, internal 
rotation and adduction 
against resistance.
Teres Major 
(TM)
Electrode placed over the muscle belly, located 
immediately lateral to the lower one third of the 
lateral scapular border. Electrodes obliquely 
orientated, to run parallel to the muscle fibres.
Adduction, internal 
rotation and extension 
of the arm against 
resistance.
Serratus Anterior 
(SA)
Electrodes placed horizontally in the auxiliary 
area, mid-way between the xiphoid process and the 
inferior angle of the scapula.
90° shoulder and elbow 
flexion, shoulder 
protraction against 
elbow resistance
Pectoralis Major 
(PM)
Palpate for the clavicle. Electrodes placed on the 
chest wall at an oblique angle towards the clavicle, 
just medial to the axillary fold.
Resisted horizontal 
adduction with the 
shoulder and elbow 
flexed to 90°
Biceps Brachii 
(BB)
With elbow flexed against resistance and forearm 
supinated, feel muscle bulk. Electrode placed 
laterally on belly of long head, between the centre 
and distal tendon and parallel to muscle fibres
With the shoulder in 
neutral position, elbow 
flexed against 
resistance
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3.6.6.6.2 Fine-Wire Electrodes
A sterile technique was used to insert the hypodermic needle with fine-wire 
electrodes deep into a muscle. A 30 mm 27 ga hypodermic needle was used for 
insertion of the wires into the SSP and ISP and RM. A 50 mm 25 ga needle was 
used for insertion of the wires into the SUBS. Following the removal of the needle, 
at least 6 specific isometric contractions for the tested muscle were performed to 
ensure the engagement of the hooked ends of wires into muscle fibres438'440. The 
specific location was guided by anatomical land-marks and confirmed by manual 
muscle tests [Table 3-4].
Table 3-4: Location of intra-muscular fine-wire electrodes and relevant manual muscle tests
Muscle Electrode placement Manual muscle test
Supraspinatus
(SSP)
Hypodermic needle with fine wire 
electrodes inserted 1.5 cm above the mid­
point of spine of scapula and deep to 
touch gently the scapula then pull out few 
millimetres.
60° abduction of arm in scapular 
plane and empty can position 
against resistance. Manual 
muscle test of UT to rule out 
miss-placement.
Infraspinatus
(ISP)
Fine-wire electrodes inserted 2.5 cm 
below mid-point of spine of scapula and 
deep to touch gently the scapula then pull 
out few millimetres.
External rotation of the arm 
against resistance with the arm 
in 0° of abduction and 90° of 
elbow flexion. Manual muscle 
test of PD to rule out miss - 
placement.
Subscapularis
(SUBS)
Full internal rotation of arm by placing 
the hand behind the back. Relaxation and 
internal rotation of scapula allowed 
backward prominence of scapular medial 
border. Fine-wire electrodes inserted just 
medial and anterior to scapular medial 
border at mid-point between inferior 
angle and root of scapular spine. The 
needle was directed gently 45° towards 
the head of the humerus.
Internal rotation of the arm 
against resistance with 0° of 
abduction and 90° of elbow 
flexion. Manual muscle test of
SA and rhomboids to rule out 
miss-placement.
Rhomboid Major 
(RM)
The arm in neutral position. Fine-wire 
electrodes inserted mid-way between 
thoracic spinous process and medial 
border of scapula and levelled with mid­
point between inferior scapular angle and 
root of scapular spine
Chest was supported. The test 
arm adducted against chest wall, 
the scapula adducted and 
elevated with elbow flexed fully 
and the shoulder slightly 
extended. Resistance was 
applied with one hand at elbow 
in the direction of abduction and 
the other hand at the shoulder in 
direction of depression
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A 30 mm 27 ga hypodermic needle was used for insertion of the wires into the SSP 
and ISP and RM. A 50 mm 25 ga needle was used for insertion of the wires into the 
SUBS. Following the removal of the needle, at least 6 specific isometric 
contractions for the tested muscle were performed to ensure the engagement of the 
hooked ends of wires into muscle fibres441,440.
3.6.7 Muscle Grouping and Rationale for Selection
Since Inman et al. (1944)4, the notion of looking at muscles as functional groups 
rather than individuals with specific action based on their anatomical origins and 
insertions. According to the available facilities, we selected 15 important muscles 
around the shoulder girdle and GHJ to explore their myoelectric activity during 
dynamic cyclic tasks. The five axioscapular muscles (LS, UT, LT, SA and RM) are 
controlling the scapular position at rest and in motion. They allow the scapula to 
keep a rhythm of motion with the moving arm in any plane. Furthermore, we 
believe that coordinated onset and strategy of their activity provides stability of the 
scapula which allow the length-tension force generation in the next group. The 
humeral head centring muscle group includes the RC muscle (SSP, ISP and SUBS); 
LD, TM, PM and the long head of the BB. Although anatomically the muscles in 
this second group originated from the scapula to the humerus or chest wall to the 
humerus, their collective coactivated function is to maintain the head of the humerus 
centred in the glenoid at rest and during motion. Finally, the deltoid muscle with its 
components (AD, MD and PD) acts as a prime mover of the GHJ during forward 
elevation and lowering tasks.
3.6.8 Muscle Activation Patterns
The activation patterns of 15 shoulder muscles were tested during several cycles of 
movements that resemble daily life activities of shoulder rotations, forward reaching 
and overhead tasks374,373. A modified FIT-HaNSA protocol was used to collect EMG 
data during the functional movements in a cyclic pattern in order to develop 
averaged activation patterns ‘ensemble average curves’374.
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3.6.8.1 Electromyography with a Modified Functional Impairment 
Test—Hand and Neck/Shoulder/Arm
The original FIT-HaNSA protocol58,431 provides an appropriate system for assessing 
the functional capacity of upper extremity encompassing range of motion, power and 
endurance required for essential daily activities. Performing the tasks requires 
coordinated contributions from the majority of shoulder girdle muscles according to 
the given task by means of mobility and stability. Hence, a modified FIT-HaNSA 
test including three tasks was considered to provide an appropriate model for the 
EMG assessment of muscle activation patterns during dynamic and cyclic upper 
extremity movements. This modified protocol has been previously used in upper 
extremity pathologies with encouraging results. One of the main modifications was 
to add a new task which involved the internal and external rotation testing with 
similar principles to the other tasks in FIT-HaNSA374. A 5 minute rest period 
between the successive tasks ensured cumulative fatigue in the shoulder muscles did 
not develop. Considering the demands of the task, this was considered 
appropriate431,374. The shelving system used for modified FIT-HaNSA protocol has 
been previously described (Section 3.6.5.1) as originally implemented by 
MacDermid et al. (20 07)58.
3.6.8.2 Microphone Sensors
In order to provide a precise time definition during task performance a microphone 
sensor was applied, for the first time, to the under-surface of each shelf to pick real­
time signals during the load contact with the shelves. Figure 3-17 shows the 
shelving system and embedded microphones into the shelves. The microphone 
analogue signals were transmitted to the PC through the TeleMyo mini-receiver and 
stored as digital data in Noraxon’s MyoResearch XP software in association with 
EMG data. In addition, the microphone signals make easier synchronization of the 
video recordings with EMG signals.
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Figure 3 - 17: A modified shelving system for electromyography assessment.
3.6.8.3 First Task: Internal-External Rotation Task
The Internal-External Rotation Task (IERT) was used in healthy controls and SIS 
patients to assess and compare the activation pattern of rotator muscles of the 
shoulder. During the task, the arm remained in 0-15° of flexion and abduction and 
the hand moved in a horizontal plane.
1 he participants stood with their feet slightly apart and were instructed to keep the 
elbow tucked to the side during the movement. The shoulder was abducted and the 
elbow flexed to 90° with the Fingers extended. The subject positioning was relative 
to the shelf so that the forearm was in line with the middle of the shelf, and the ulnar 
styloid levelled with front edge of the shelf.
This 2-phased task required internal- and external rotation of the shoulder. The 
participant was instructed to lift the weight above the shelf a small distance during 
each movement [Table 3 - 17]. The weight was held continually throughout the task. 
The pace of the movement was guided by a metronome set to 60 beats per minute: 
beat 1 indicated internal rotation with the weight lifted from one side of the shelf to 
the other (phase 1); beat 2 indicated external rotation with the weight returned to the 
starting position (phase 2). Phase 1 of the task involved internal rotation at the GH 
joint with elbow flexion. Controlled elbow extension placed the weight on the shelf 
at the halfway point in the cycle. Phase 2 of the task involved external rotation and 
the elbow was progressively extended until the weight was returned to the starting
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position. Modifications were made to the IERT following the pilot study, which are 
outlined where appropriate.
Figure 3-18: The shelving system for the internal-external rotation task.
A barrier was placed at the centre of the shelf to force the participant to lift the 1 kg container over it
to the other side.
3.6.8.4 Second Task: Waist-Up Task
The WUT was developed by adapting and modifying task 1 from the FIT-HaNSA 
protocol^8. A single 1 kg weight, under the guidance of a metronome set a 60 bpm, 
was lifted from the lower shelf, to the upper shelf and back. The lower shelf was set 
at the level of the participant’s waist and the upper shelf 25 cm above. The 
participant was positioned relative to the shelves in accordance with guidelines of the 
Tasks 1 and 2 of the FIT-HaNSA test58 [Table 3 - 5].
Phase 1 of the WUT involved lifting the weight from the lower to the higher shelf 
and phase 2 involved returning the weight from the higher to the lower shelf. Phase 1 
followed by phase 2 together represented one cycle. The coloured markers on the 
shelf guided the motion path and the positioning of the weights on each shelf4j1,374 
[Table 3-5].
Phase 1 of the task predominantly involved a combination of forward flexion and 
abduction at the shoulder, with the goal of reaching and placing an object on a shelf. 
Phase 2 of the task involved a degree of extension and adduction at the shoulder 
assisted by the gravity. In order to initiate movement and place the weight on the 
shelf, both phases began, and to a lesser degree finished, with elbow flexion and 
extension, respectively. The task operated within the functional range of the shoulder 
and was directly relevant to activities of daily living, such as reaching for an object.
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3.6.8.5 Third Task: Eye-Down Task
The EDT was developed by modifying task 2 from the FIT-HaNSA protocol58. One 
shelf was set at the participant’s eye level and a second shelf placed 25cm below. 
The participants were positioned as for the WUT. A single 1 kg weight was lifted 
from the lower to the higher shelf and returned, under the same constraints as for the 
WUT. Following completion of the EDT the participants rested for 5 minutes442 
[Table 3-2].
The motion path during this task was the same as for the WUT. However, with the 
shelf set at a higher level, a greater degree of GH flexion and abduction as well as 
scapular elevation was required. It was a challenge for the SIS patients and positive 
painful arc test. Again, this task was an appropriate representation of a number of 
daily activities.
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Table 3-5: Summary of tasks for muscle activation pattern assessment.
Task and 
Rest
Lower Shelf 
Position
Higher shelf 
position Action Guide Duration
First task:
‘Internal-
external
rotation
task’
Forearm 
level with 
the elbow
90° flexed
No Lifting 1 kg 
container above 
the shelf from 
external position 
to internal one 
and back.
Metronome set to 
60 beats/minute
Coloured spots on 
the shelf.
60
seconds
Rest Relax . . 5 minutes
Second
task:
‘Waist up 
task’
Waist level 25 cm 
above the 
lower shelf
Lifting 1 kg 
container from 
lower to higher 
shelf and return
Metronome set to 
60 beats/minute 
Coloured spots on 
shelves
60
seconds
Rest Relax i ' - - 5 minutes
Third task: 
‘Eye-down 
task’
25 cm 
below the 
higher shelf
Eye-level Lifting 3 
weights from 
lower to higher 
shelf and return
Metronome set to 
60 beats/min. 
Coloured spots on 
shelves
60
seconds
3.6.9 Signal Recording
The EMG signals from 15 muscles and synchronised video (25 frames/s; 50 fields/s) 
were recorded during each task. The video was recorded by handy-cam Panasonic 
video connected to the computer by means of a USB cable. Each task was performed 
for 1 minute, or until the patient could no longer continue. Ideally, at least 10 
complete cycles were recorded.
Additionally, a 20-30 second period of signal was recorded while each participant 
was completely relaxed; this period of signal facilitated EGG removal and signal 
check procedures.
3.6.10 Signal Check Procedures
A number of signal check procedures were performed according to available 
guidelines. Each channel was inspected individually to ensure the background noise 
does not exceed 10-15 pV. Each signal was also inspected for baseline offset, a shift 
in the signal away from the true zero line. Finally a power spectrum was calculated 
and checked to ensure a steep increase from the high pass; a peak frequency between 
50-80 FIz for surface electrodes and 75-140 Hz for fine wire electrodes; a steady
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decrease thereafter and no evidence of interfering power hum. Signals of poor 
quality were excluded from the data analysis.
3.6.11 Off-Line Signal Processing and Analysis 
Assessment of muscular effort requires analysis of the amplitude of the detected 
signal. A number of signal processing steps were required. The signal processing 
and data handling is described in detail in the following sections.
3.6.11.1 Electromyographic Signal Filtering:
The signals recorded via surface electrodes were band-pass filtered; low frequency 
cut off 10Hz, high frequency cut off 500Hz (Filter type: Finite Impulse Response 
Filter; Window: 79 points; Window edge fading: none). The fine wire signals were 
high-pass filtered (10 Hz) with a Butterworth filter. Filter setting followed both 
international guidelines and manufacturer recommendations [Figure 3 - 19].
3.6.11.2 Electrocardiograph Reduction
MyoResearch XP possesses a preconfigured ECG reduction algorithm. The signals 
recorded during the rest period were individually inspected; the ECG reduction 
algorithm was applied to any channel with evidence of an ECG spike above the 
background noise. An area of signal with at least 3 ECG spikes visible above the 
baseline was marked; the algorithm uses a combination of pattern recognition and 
adaptive filtering to remove the ECG spikes while not affecting the power of the 
underlying signal.
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Fitering
Filering
I Channels by number
Apply To
0 1. Anterior Deltoid (S)
2. Middle Deltoid (S)
3. Posterior Deltoid (S)
Apply To
Channels by number
ts. ivies Major
9. Brachloradialls (S)
11. Infraspinatus (FW)
12. Subscapularis (FW)
Applies digital filtering to the selected signals.
Bi-directional
Type
Frequency
Approximation
X Delete ^ Delete All
Highpass
Butterworth
%.j Load... It] Save...
Selected Operations
Applies digital filtering to the selected signals.
Window
Type
Low frequency 
High frequency 
Window
X Delete Delete All
Bandpass
tD Load... Bt Save...
Figure 3 - 19: Signal processing (l) filter setting.
(A) Filtering for surface electrodes and (B) filtering for fine-wire electrodes
3.6.11.3 Rectification
Full wave rectification of the signals was performed, followed by smoothing using 
an RMS algorithm (window of 100 ms). A time window of 100 ms was appropriate 
given the nature of the movements involved in the protocol (Noraxon). Each frame 
represented 20 ms. Ideally, the first 5 cycles were ignored to ensure the subject was 
familiar and comfortable with the movement.
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3.6.11.4 Normalization
Normalization was performed to provide comparable information about inter- and 
intramuscular activity as well as interpersonal comparisons.
3.6.11.4.1 Amplitude Normalization
Allison, Marshall and Singer reported the effect of 11 amplitude normalization 
techniques on the coefficient of variation (CV) during the eccentric and concentric 
phases of stretch-shortening cycles (SSC).
The EMG amplitude normalization using the isometric MVC in a defined position is 
a common method. It is recommended to use the maximum of rectified and filtered 
EMG of an MVC for normalization and to express the resulting EMG level as a 
percentage of MVC. However, using the mean or peak of each phase as a reference 
value is recommended to be more appropriate for normalization of EMG amplitude 
in dynamic and phasic movements345,374. Hence, amplitude normalisation was 
performed relative to the mean for EMG recordings collected during dynamic tasks 
aimed to investigate muscle activation patterns.
3.6.11.4.2Time Normalization
In case of cyclic movements, time normalization may be necessary. EMG is 
expressed in relation to the percentage of cycle or phase. To do so, time information 
of the original EMG is lost and is not reproducible.
3.6.12 Ensemble Average Curves
A predefined analysis option is available in MyoResearch XP software for 
production of ensemble average curves, or ‘Average Activation Profile’ for different 
phases of the movement. The phases of movement were manually defined by placing 
markers in the EMG signals guided by the synchronised signals of the microphone 
sensors and video. The first marker was placed at the first contact of the load on the 
lower shelf and the second marker at the first contact with the higher shelf. A third 
marker was placed when the load contact the lower shelf again and represented the 
end of the first cycle and the beginning of the second. Marker placement demanded a 
frame by frame analysis of the recorded signal and ensured synchronization between 
EMG signals, microphone signals and video. The synchronised video was captured 
at 50 frames per second.
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The averaged activation curves were developed for all individual muscles during 
each muscle task from an average of 10 cycles and exported to Microsoft Excel as 
numerical values for further analysis. Each average cycle was divided into phase 1 
and phase 2, of each the mean amplitude was calculated. For the purpose of data 
reduction, the mean amplitude was calculated for every 5% interval of the average 
cycle leadings to 10 mean amplitude values in phase 1 and 10 mean amplitude values 
in phase 2. These values were used for statistical comparison of average activation 
curves.
The duration of the average cycle in total, phase 1 (first shelf contact time + off-shelf 
time) and phase 2 (second shelf contact time + off-shelf time) were calculated from 
absolute time scale of the EMG recording.
3.6.13 Qualitative Assessment of Muscle Activation 
Taking in consideration the normalization of data and aiming to a simplified visual 
descriptive technique which displays relative comparisons between 15 muscles with 
3 different colours at each time point (each 5% interval). The 15 mean amplitude % 
for the 15 muscles at a single 5% interval were sorted from maximum to minimum. 
The highest 5, middle 5 and lowest 5 values were ranked as ‘high, moderate and 
low’ relative muscle activity, respectively. A diagram with the representative colour 
ranks was presented to reflect muscle behaviour individually and in a group.
3.7 Muscle Fatigue during Sub-Maximal Voluntary Contraction
This protocol aimed to measure and compare the fatigability of 15 shoulder girdle 
muscles in healthy controls and SIS patients during 4 distinct shoulder movements as 
used for strength measurements (forward flexion, abduction, internal and external 
rotations - section 3.6.3) while performing a submaximal voluntary contraction. In 
order to minimise the impact of pain experience on the measurements a 25% of 
isometric MVC was thought to provide an appropriate submaximal force exertion for 
the fatigue measurement. The purpose of the test was to assess and compare the 
shoulder muscle maximum activation level during 5 seconds of isometric MVC.
3.7.1 Equipment (Electromyography System/Mecmesin
Myometer)
EMG system, Shoulder Mecmesin Myometer, and PC were required for this 
measurement. While the EMG electrodes still in place and connected to the
Material and Method 111
Subacromial Impingement Syndrome (2012)
transmitter and software, the subject used the Mecmesin myometer (section 3.6.3) to 
perform required submaximal isometric MVC of studied movements by the feedback 
provided on the PC screen.
3.7.2 Position
Subjects were seated in upright position on a chair and the tested upper limb in the 
recommended position for each movement of the four standard shoulder movements 
as described in section 3.6.3. The strap of the myometer was usually applied to the 
wrist.
3.7.3 Protocol
The dominant or non-dominant arm in healthy controls and the affected arm in 
patients were tested for muscle fatigue. These initial strength tests provided the 
isometric MVC value for shoulder flexors, abductors, internal and external rotators. 
It is also expected that the majority of shoulder gridle muscles are activated during 
these movements, however at various levels. Hence, these values were used to 
calculate 25% of MYIC. After familiarization with the test, participants were 
instructed to insert a steady force at desired submaximal level for 60 second with a 
real time feedback provided by the Lite software (Mecmesin Myometer) on a PC 
screen. This experiment The EMG signals reflected the extent of muscle fatigue 
during 60 seconds of 25% isometric MVC.
3.7.4 Data Management and Fatigue Indices
After standard signal processing, predefined programs were performed through 
MyoReasearch XP software for the calculation of MdF (Fast Fourier Transformation 
for power spectrum analysis) as an important index for quantifying muscle fatigue. 
The MdF was calculated for 1 second intervals and normalised to the average of the 
first two values133. The rate of change of the normalised MdF was determined using 
the FINEST function in Microsoft Excel 2010. FINEST utilises the least squares 
method to calculate a straight line that best fitted the data, and returns a statistic that 
best describes the line. This statistic described the rate of change of the MdF over 
time (slope). The value was expressed as percentage change per minute (%/min) and 
used as the fatigue index (Slope %/min) in this study.
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3.8 Data Analysis
3.8.1 Clinical Assessment Analysis (Non-Electromyography 
Data)
Descriptive statistics for strength, range of motion, postural measurements, 
functional performance and self-report questionnaires (dependent variables) were 
calculated. The majority of skewness and normality tests were in favour of non- 
parametric statistical tests. The independent factors were gender (females and 
males), participants (patients and controls) and male ethnic groups (Caucasians and 
Non-Caucasians). Two-independent statistical tests were applied through the whole 
data set. Paired /-tests were used to evaluate the dominant and non-dominant sides in 
controls. The dependent variables included: muscle strength, ROM, bilateral and 
axial measurements, FIT-HaNSA and self-reporting questionnaires. An alpha level 
of 0.05 was used for all tests. All statistical analyses were conducted with SPSS 
(18.0 for Windows, Chicago, II, USA).
3.8.2 Electromyography: Data Management and Analysis
3.8.2.1 Cycle Duration
The mean duration of shelf-contact and off-shelf (seconds) for phase 1 and phase 2 
of each functional task (IERT, WUT, and EDT) will be reported and compared 
within Female and Male groups of SIS patients and controls.
3.8.2.2 Mean Amplitude (Muscle Activation Patterns)
The mean normalized amplitude (AMP) for phase 1 and phase 2 of functional tasks 
(IERT, WUT, and EDT) is reported and compared amongst 15 individual studied 
muscles comprising SP (scapular), HHC (humeral head centring) and Deltoid muscle 
groups in Female and Male groups of SIS patients and controls.
The normalized duration of the averaged cycle (time %) during each task is further 
divided into 20 intervals (5% each) and the average of mean AMP % will be 
calculated for each interval (a total of 20 intervals). The normalized mean AMP 
values of these intervals are used for the presentation and comparison of activation 
patterns in three major muscle groups (SP, HHC, Deltoids) as well as individual 
muscles contributing to each group in Female and Male groups of SIS patients and 
controls.
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The activation patterns of 15 individual muscles and three major muscle groups will 
also be demonstrated graphically during IERT, WUT, and EDT mainly using 
ensemble-averaged curves in female and male groups of SIS patients and controls.
Finally, a qualitative assessment of muscle activation patterns will be provided in 
tandem with the level of contribution from each individual muscle to associated 
muscle group. To do this, the mean AMP % of each individual muscle will be 
categorised at each interval of the time domain from maximum to minimum values 
and ranked to ‘high, moderate or low activity’ for the first five high values, second 
five values and last lower five values. (A flow chart for the EMG data management 
is also presented at the beginning of Chapter 6).
3.8.2.3 Median Frequency (Muscle Fatigue)
Normalized MdF mean values over 1-second intervals will be used to calculate a 
Fatigue index (MdF Slope%/min) representing the rate of changes of MdF over the 
duration of fatiguing tasks.
The fatigue index will be used to report and compare the fatigability of individual 
muscles of 3 major muscle groups during the experiments (25% MVC of forward 
flexion, abduction, external and internal rotation in female and male groups of SIS 
patients and controls. A few sample graphs of MdF changes over time during the 
fatiguing task will be presented.
Descriptive statistics will be used to present the key mean values, standard deviation 
or standard error of measurement as appropriate. A number of statistical tests were 
considered for testing the significant differences between study groups. In order to 
apply the appropriate statistical analysis a combination of normality tests including 
the normal probability plots, Shaprio-Wilk, and skewness coefficient assumptions 
were used to investigate the distribution of the data. Following normality tests, non- 
parametric test were chosen appropriate for the final analysing of data. Two-related 
Samples Tests (Wilcoxon) and Two-independent Samples Tests (Mann-Whitney) 
were used for intra-group and inter-group analysis and comparisons, respectively. 
For all tests, significance level was set to 0.05. SPSS (PASW statistics 18 for 
Windows) was used for statistical analysis.
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4 CHAPTER FOUR: PARTICIPANTS
Seventy-three volunteers took part in this study; 34 healthy controls (CG) and 39 
patients with a diagnosis of SIS who satisfied the inclusion criteria (PG). SIS spares 
neither male nor female, presents as a painful problem in either shoulder regardless 
of the side of the dominant hand and is observed in all ethnic groups. Whether these 
characteristics altered normal shoulder function in the performance of the tests we 
proposed to use was unclear. The first series of analyses aimed to answer this 
question.
4.1 Control Group (n=34)
With the potential for gender, ethnic group and handedness, to influence shoulder 
function through differences in strength, laxity and customary shoulder usage, it was 
vital to clarify the integrity of the control group with respect to characteristics, which 
would be evident in the PG.
Objectives:
1. To identify any significant gender, ethnicity and handedness differences within 
the control group
2. To establish appropriate group specific clinical data of shoulders of healthy 
volunteers
None of the healthy volunteers experienced any difficulty in performing all the 
clinical tests for shoulder pathologies perfectly, indicating an absence of shoulder 
problems. Data from the systematic measurements of muscle strength, ROM, 
bilateral and axial postural measurements, FIT-HaNSA and self-reporting 
questionnaires was collected and divided into the following subgroups for analysis: 
(1) female or male; (2) Caucasian or Non-Caucasians; (3) dominant or non­
dominant. Some measures are on a variable scale, while others reach a plateau 
maximum of 100%. Thus a problem was encountered in evaluating the data when for 
example all controls had a maximal score of 100% and no standard deviation was 
calculable, beyond that, occasionally one control would be deficient in 1% 
generating an artificial idea of significance. Such problems have been documented 
below. The raw data is presented in chapter 5 where it is tabulated in comparison to 
patient data. Thus the 34 healthy volunteers of the control group included 13 females 
and 21 male. All female participants were Caucasians while of the male participants
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eight were Caucasians and 12 were non-Caucasians. The non-Caucasian male 
subgroup included 11 Arabs and one Indian in nationality. Handedness differences 
were investigated by performing all clinical assessments and measurements 
bilaterally when possible i.e. not axial measures. Two male volunteers had mild, 
sporadic pain during the last 4 weeks preceding their involvement but there were no 
other clinical findings and hence no evidence of any shoulder pathology. EMG 
assessments were applied unilaterally to 22 dominant shoulders and 11 non­
dominant shoulders in the healthy volunteers although one participant could not 
attend the EMG session.
4.1.1 Establishing the Validity of the Control Group(s)
The demographic data is presented in Table 4-1 and Appendix III. In order to 
compare the data, non-parametric statistical tests were used and relevant p values 
were given in Table 4-2.
Table 4 - 1: A summary of the demographic data, including age, height, body weight and body mass
index (BMI), of control group.
Control Group Descriptive Age Height Body weight BMI(years) (cm) (Kg) (Kg/nT)
Mean 42.9 168.4 69.1 24.3
Female(n=13) SD 9.3 7.0 8.6 2.3
Range 28-54 158-182 50-82 18.8-28.3
Mean 47.6 172.4 76.8 25.8
Male (n=21) SD 10.3 10.0 12.6 3.2
Range 28-68 156-191 62-120 20.5-32.9
Mean 45.8 170.9 73.9 25.2
All (n=34) SD 10.0 9.0 11.7 2.9
Range 28-68 156-191 50-120 18.8-32.9
4.1.2 Handedness (Dominant versus Non-Dominant)
No significant differences, using non-parametric 2-related tests, were found in the 
tests applied to dominant and non-dominant shoulders, either when compared as ‘all 
controls: dominant vs. non-dominant’, or when compared within gender subgroups. 
Female controls did not differ in the muscle strength between dominant and non­
dominant shoulders except in the flexor muscles and the same pattern was observed 
in male controls. Female and male controls did not show any difference in the ROM 
between the dominant and non-dominant shoulders.
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4.1.3 Ethnic Groups (Caucasians versus Non-Caucasians)
The muscle strength, axial postural measurements, FIT-HaNSA, CMS, self-reported 
function and quality of health did not differ (showed similar mean results) in both 
Caucasians and non-Caucasians male controls [Table 4-1]. The significant difference 
only detected in flexion and external rotation ROM as well as in lateral scapular 
sliding test at rest (LSSTP1) [Table 4-2]
4.1.4 Gender
Isometric MVC: Generally female controls experience less muscle force in the 
shoulder than the male controls. A gradual increase in the shoulder muscle force was 
observed in the controls of both sexes with an ascending pattern from the abductors, 
flexors, external rotators to the internal rotators, which had the maximal muscle 
force. The muscle strength between female and male controls in both dominant and 
non-dominant shoulders showed a significant difference (p<0.01).
ROM: shoulder ROM of female controls in all directions was greater than male 
controls. Internal rotation was assessed using the score in Constant and Murley, and 
showed no difference. The ROM did not vary significantly in the dominant shoulder 
of controls between both sexes, but in the non-dominant shoulder it showed a 
significant difference in the flexion, extension, abduction and adduction (p<0.01).
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Table 4-2: Comparative summaries of statistical differences between sexes, ethnic groups and 
handedness for isometric maximum voluntary contraction (MVC), range of motion (ROM), postural 
measurements, functional impairment test-hand and neck/shoulder/arm (FIT-HaNSA) and self- 
reporting questionnaires. Boldp values are less than 0.05.
Controls
Female (13) Caucasian (8) Dom. vs. Non-dom.
vs.
Male (21)
vs.
Non-Caucas.(13) AI1 Female Male
Isometric MVC (N) 
Flexors 0.00 0.76 0.32 0.09 0.27
Abductors 0.00 0.99 0.76 0.33 0.79
External Rotators 0.00 0.29 0.90 0.88 0.69
Internal Rotators 0.00 0.13 0.16 0.59 0.11
ROMO
Flexion 0.02 0.05 1.00 1.00 1.00
Extension 0.02 0.50 0.42 0.43 0.61
Abduction 0.05 0.47 0.97 1.00 0.95
Horiz. Adduction 0.00 0.55 1.00 1.00 1.00
External Rotation 0.00 0.02 0.29 0.23 0.46
Internal Rotation* 0.03 0.07 0.23 1.00 0.22
Bilateral posture
NSP (%) 0.54 0.31 0.68 0.27 0.84
SI (%) 0.56 0.95 0.91 0.86 0.87
LSST 1 (cm.) 0.03 0.00 0.88 0.70 0.61
LSST 2 (cm.) 0.53 0.30 0.96 0.72 0.90
LSST 3 (cm.) 0.17 0.69 0.87 0.09 0.27
Axial posture
TKI (%) 0.02 0.69
FHP (°) 0.30 0.36
ESP (°) 0.02 0.51
FIT-HaNSA
WUT (%) 1.00 1.00 1.00 0.88 0.89
EOT (% 0.20 0.77 0.95 1.00 1.00
OHT (%) 0.25 0.69 0.62 0.83 0.39
Average 0.16 0.82 0.85 0.56 0.57
Questionnaires
CMS 0.00 0.97 0.99 0.65 0.12
OSS 0.02 0.96
DASH 0.36 0.94
DASH Op 1 0.30 0.37
DASH_Op2 0.49 0.09
ULFI 0.11 0.86
GHSF12 0.41 0.98
GHSF12_PC 0.57 0.71
GHSF12_MC 0.10 0.82
HADS 0.22 0.01
HADSAC 0.25 0.02
HADS_MC 0.06 0.02
MPQ 0.04 0.65
* The mean presented as the score used in CMS
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Posture: The bilateral postural measurements were similar in controls of both sexes, 
but the axial postural measurements were higher in males than female controls 
except in the FHP. The bilateral postural measurements did not significantly differ 
in the dominant and non-dominant shoulders of controls between both sexes [Table 4 
- 2]. The axial postural measurements of TKI and FSP showed a significant 
difference in controls of both sexes (/?<0.05). Female controls showed more thoracic 
kyphosis, more FHP and less FSP than male controls. The bilateral postural 
measurements showed some differences in the female controls between dominant 
and non-dominant shoulders but in male controls there was no difference.
FIT-HANSA The functional performance of FIT-HaNSA, in both male and female 
controls showed similar functional performance either in using the dominant or non­
dominant shoulder. The FIT-HaNSA did not show any difference between dominant 
and non-dominant shoulders of both female and male controls. The CMS breakdown 
of individual domains was not different between both shoulders in either females or 
males [Table 4-2],
Questionnaires: self-reporting function and quality of health did not differ among 
controls of both sexes but the scores of CMS were higher in male controls than 
female controls [Table 4-2]. Although the total CMS showed significant difference in 
the dominant and non-dominant shoulder between controls of both sexes but the results of 
individual domains were not significantly different except in the power domain 
(pO.OOl). The scores of other self-reporting function and quality of health were 
within the normal range in controls of both sexes and did not show any significant 
difference.
In summary, the statistical differences were not existing between the dominant and 
non-dominant sides and minimally significant in few tasks between ethnic groups, 
but highly significant in most of the tested measures between female and male 
healthy volunteers. Therefore, the control participants were grouped according to 
gender [Figure 4-1].
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Lt (13)Rt (13)
Male (n=21)
Caucasian
Female (n=13)
Caucasian (n=8) Non-Caucasians (n=13
Control Participants (n=34)
Figure 4-1: Final groups of control participants.
S indicates a statistically significant difference between the two groups, while NS indicates no 
significant difference. D is the dominant hand and ND is the non-dominant hand. Rt represents the
right hand and Lt the left hand.
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4.2 Patient Group
The patients group (PG) was composed of 39 patients (20 female and 19 male 
patients). All patients were Caucasians with the exception of 1 female and 1 male 
who were both non-Caucasians. All clinical assessments were performed on the 
affected and unaffected shoulders as far as applicable, while EMG recordings were 
applied to the affected shoulders. Handedness and ethnicity were not included as 
relevant factors for analysis as the control groups showed minimal or no differences. 
However, as gender was a significant factor in the control group, all patients’ data 
was presented as female, male or combined. The demographic data was summarised 
in Table 4 — 3 and Appendix III.
Table 4 - 3: A summary of the demographic data, including age, height, body weight and body mass
index (BMI), of patient group.
Control Group Descriptive Age Height Body weight BMI
Mean 55.5 161.3 78.0 29.9
Female patients SD 5.3 7.1 15.6 5.3
Range 46-64 152-147 55-117 21-42
Mean 54.2 173.8 83.6 27.6
Male patients SD 8.1 9.7 11.7 2.6
Range 33-72 152-186 58-105 22-32
Mean 54.9 167.4 80.7 28.8
All patients SD 6.7 10.5 13.9 4.3
Range 33-72 152-186 55-118 21-42
4.2.1 Establishing Subacromial Impingement as the Primary 
Pathology in the Patient Group
Patients were recruited to this study following a diagnosis of impingement syndrome 
and before definitive treatment. The study process takes a little time and that 
combined with the knowledge that additional information on shoulder integrity 
would become apparent following final reports from imaging and from intra­
operative findings, it was necessary to undertake the study and adjust the groupings 
of the patients in the light of such information. All patients underwent a thorough 
shoulder examination including a series of typical clinical tests. Some tests were too 
painful for some patients and they have been listed below. All patients demonstrated 
patterns of response indicative of SIS but not of GHJ instability or rotator cuff tears. 
However, some patients demonstrated the possibility of a more complex pathology
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and some patients had SIS problems in both shoulders, although one was worse than 
the other.
Table 4-4: The clinical tests used in this study and the number of positive and negative cases for
each test.
Clinical Tests
Female Patients 
with Impingement 
(n=21 shoulders)
Female improved 
Patients 
(n=4 shoulder)
Male Patients with 
Impingement 
(n=26 shoulders)
Positive Negative Positive Negative Positive Negative
Painful arc* 18 1 4 20 3
Neer's sign* 16 3 4 18 5
Hawkin's sign 17 4 3 1 21 5
Drop arm* 1 18 4 4 19
Resisted external rotation 4 17 4 6 20
Resisted internal rotation 2 19 4 9 17
Liftoff* 8 13 4 16 10
full can 11 10 0 4 12 14
Empty can* 13 6 2 2 16 7
Belly-press 1 20 4 2 24
Inferior sulcus 0 21 4 1 25
Apprehension* 1 18 4 4 19
O'Brien* 4 17 4 6 20
Speed's 3 18 4 5 21
* Two female and three male patients were not tested because of increased pain
Thus following final data assimilation, clinical tests [Table 4 - 4], medical records, 
ultrasound and intra-operative observations, the clinical assessment and 
measurements revealed 3 clinical subgroups in both genders. In the female group, 
there were 11 patients with unilateral impingement and 5 with bilateral. In addition, 
four female patients had attended 3-10 weeks of physiotherapy treatment. Amongst 
the males, there were 6 patients with unilateral, 7 with bilateral and 6 with a complex 
pathology. The last 6 male patients were having unilateral impingement plus partial 
RC tear (2), SLAP lesion (2), partial tear of the long head of biceps (1) and tendinitis 
of long-head of biceps (1). Those with additional pathology were grouped as 
"unilateral impingement plus (UIMPP)’ [Figure 3- 1].
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4.2.2 Validation of Patient Groups
Using the clinical measurements and scores obtained from muscle strength, ROM,
posture, functional impairment test and self-reporting questionnaires, the objectives
were:
1. To establish whether the affected shoulder in patients in whom impingement 
syndrome presented itself in isolation (unilateral) was significantly different from 
their other unaffected shoulder, regardless of gender.
2. To establish whether the affected shoulders in patients in whom impingement 
syndrome presented bilaterally were significantly different from each other or 
from unilateral affected or unilateral unaffected shoulders of the same gender.
3. To establish whether the affected shoulders in patients in whom impingement 
syndrome presented as part of a more complex shoulder pathology were 
significantly different from each other or from unilateral affected or unilateral 
unaffected shoulders of the same gender.
4. To establish a valid set of gender specific and gender non-specific data on SIS 
shoulders which would support comparison with the appropriate control group of 
data.
Raw data: all female and male patients raw data was presented in Appendix IV. 
Having validated group inclusion, the results of female and male impingement 
shoulders and comparisons with controls were presented in ‘Chapter Five’.
Participants 123
Subacromial Impingement Syndrome (2012)
Table 4-5: Comparative summaries of statistical differences between the unilateral affected and 
unaffected shoulders in female and male patients for isometric maximum voluntary contraction 
(MVC), range of motion (ROM), postural measurements and Constant-Murley score (CMS). Bold p
values are less than 0.05.
Unilateral Affected vs. 
Unaffected Shoulders
Tasks Female
Patients
(n=ll)
Male
Patients
(n=12)
Isometric MVC (N) Flexors 0.00 0.03
Abductors 0.00 0.01
External Rotators 0.02 0.05
Internal Rotators 0.05 0.03
ROM (°) Flexion 0.00 0.02
Extension 0.00 0.02
Abduction 0.00 0.00
Horiz. Adduction 0.08 0.02
External Rotation 0.03 0.04
Internal Rotation* 0.00 0.00
Bilateral Posture NSP (%) 0.53 0.60
SI (%) 0.67 0.49
LSST 1 (cm.) 0.53 0.91
LSST 2 (cm.) 0.39 0.25
LSST 3(cm.) 0.25 0.09
Questionnaire CMS 0.00 0.00
* The mean presented as the score used in CMS
Female patients: The differences between the affected and unaffected shoulders of 
11 female patients with unilateral impingement demonstrated significant weakness in 
flexion, abduction, external and internal rotation and reduced range of motion in 
flexion, extension, abduction and internal rotation [Table 4-5]. This gave two 
comparator data sets against which all other female shoulder groups could be aligned 
accordingly.
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Table 4-6: Comparative summaries of statistical differences between patients with unilateral 
impingement (UIMP) (affected and unaffected) vs. bilateral impingement (BEVEP) (more affected and 
less affected) and UIMP improved (affected and unaffected) shoulders.
The comparison was in respect of isometric maximum voluntary contraction (MVC), range of motion 
(ROM), postural measurements, functional impairment test-hand and neck/shoulder/arm (FIT- 
HaNSA) and self-reporting questionnaires. Boldp values are less than 0.05.
Subacromial Impingement Syndrome (2012)
Female Patients (n=20)
UIMP affected shoulders (n=ll) UIMP unaffected shoulder (n=l 1)
Tests vs. vs.
BIMP
more
affected
(n=5)
BIMP
less
affected
(n=5)
UIMP
improved
affected
(n=4)
BIMP
more
affected
(n=5)
BIMP
less
affected
(n=5)
UIMP
improved
affected
(n=4)
Isometric MVC(N)
Flexors 0.06 0.78 0.36 0.00 0.00 0.02
Abductors 0.23 0.87 0.06 0.00 0.01 0.12
External Rotators 0.40 0.78 0.15 0.00 0.03 0.79
Internal Rotators 0.10 0.53 0.43 0.00 0.04 0.36
ROM (°)
Flexion 0.95 0.23 0.01 0.00 0.14 0.52
Extension 0.95 0.06 0.00 0.02 0.43 0.01
Abduction 0.73 0.23 0.00 0.00 0.06 0.05
Horiz. Adduction 0.60 0.91 0.68 0.06 0.10 0.15
External Rotation 0.34 0.49 0.22 0.01 0.3 0.59
Internal Rotation* 0.33 0.04 0.01 0.01 0.53 0.45
Bilateral posture
NSP (%) 0.87 0.46 0.70 0.95 0.87 0.70
SI (%) 0.87 0.61 0.15 0.78 0.69 0.19
LSST 1 (cm.) 0.78 0.95 0.84 0.53 0.65 0.70
LSST 2 (cm.) 0.61 0.91 0.70 0.21 0.50 0.36
LSST 3 (cm.) 0.50 0.73 0.90 0.10 0.14 0.51
Axial Posture
TKI (%) 0.79 0.19
FHP (°) 0.28 0.12
ESP (°) 0.83 0.02
FIT-Hans
WUT (%) 0.35 0.64 0.07 0.02 0.22 0.40
EDT (% 0.14 0.08 0.02 0.05 0.13 0.06
OHT (%) 0.03 0.58 0.05 0.02 0.07 0.20
Average 0.09 0.52 0.02 0.01 0.12 0.14
Questionnaires
CMS 0.95 0.13 0.00 0.00 0.00 0.21
OSS 0.12 0.01
DASH 0.15 0.00
DASH Opl 0.20 0.75
DASH Op2 0.18 0.49
ULFI 0.07 0.23
GHSF12 0.04 0.19
GHSF12 PC 0.12 0.13
GHSF12 MC 0.02 0.17
HADS 0.09 0.12
HADS AC 0.26 0.11
HADS MC 0.08 0.32
MPQ 0.40 0.21
* The mean presented as the score used in CMS
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The data demonstrated that both bilateral impingement shoulders were comparable to 
the affected unilateral and different from the unaffected shoulder. Those patients in 
receipt of initial physiotherapy to their affected shoulders demonstrated significant 
differences from the affected and unaffected unilateral shoulders. These latter 
patients did not conform to our criteria and have significantly different shoulders.
Male patient: As only six male patients had uncomplicated UIMP, the order of 
comparisons was difficult. The first question was whether those unilateral shoulders 
with a more complex pathology (UIMPlus) were most comparable to UIMP affected 
or unaffected or different from both. The data demonstrated greater measures of 
significant difference from the unaffected shoulder and hence all unilateral shoulders 
were pooled regardless of the additional pathology. Next, we determined whether as 
in the female patients both the male bilateral shoulders could be pooled with 
unilateral shoulders [Table 4-7].
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Table 4 - 7: A comparative summary of statistical differences between unilaterally affected then 
unaffected shoulders vs. affected shoulders in male patients with bilateral and complex impingement. 
The comparison was in respect of isometric maximum voluntary contraction (MVC), range of motion 
(ROM), postural measurements, functional impairment test-hand and neck/shoulder/arm (FIT- 
HaNSA) and self-reporting questionnaires. Boldp values are less than 0.05.
Tests
Male Patients(n=19)
UIMP affected shoulder (n=6) UIMP unaffected shoulder (n=6)
BIMP
more
affected
(n=7)
BIMP
less
affected
(n=7)
UIMP plus 
affected 
(n=6)
BIMP
more
affected
(n=7)
BIMP
less
affected
(n=7)
UIMP
plus
affected
(n=6)
Isometric MVC (N)
Flexors 0.20 0.32 0.27 0.01 0.06 0.06
Abductors 0.32 1.00 0.86 0.03 0.09 0.09
External Rotators 0.09 0.32 0.20 0.02 0.20 0.20
Internal Rotators 0.20 1.00 0.42 0.02 0.09 0.09
ROM(0)
Flexion 0.61 0.82 0.93 0.01 0.21 0.09
Extension 0.46 0.71 1.00 0.01 0.21 0.04
Abduction 0.47 0.42 0.87 0.00 0.16 0.01
Horiz. Adduction 0.88 0.37 0.55 0.37 1.00 0.07
External Rotation 0.52 0.67 0.87 0.03 0.27 0.09
Internal Rotation* 0.46 0.42 0.93 0.00 0.03 0.02
Postural measurement
NSP (%) 0.03 0.15 0.63 0.03 0.12 1.00
SI (%) 0.32 0.39 0.87 0.48 0.39 0.75
LSST 1 (cm.) 0.72 0.89 0.52 0.35 0.39 0.34
LSST 2 (cm.) 0.94 0.32 0.26 0.48 0.47 0.11
LSST 3 (cm.) 0.52 0.25 0.33 0.10 0.25 0.08
TKI (%) 0.75 0.75
FHP (°) 0.87 0.23
FSP (°) 0.52 0.78
FIT-HaNSA
WUT (%) 0.89 1.00 0.88 0.28 0.32 0.18
EOT (% 0.65 0.59 0.76 0.62 0.88 0.90
OHT (%) 0.10 0.16 0.10 0.33 0.38 0.62
Average 0.80 0.72 0.46 0.20 0.77 0.46
Questionnaires
CMS 0.20 0.78 0.87 0.00 0.01 0.04
OSS 0.11 0.11
DASH 0.94 0.94
DASH Opl 0.71 0.23
DASH Op2 0.25 0.74
ULFI 0.89 0.69
GHSF12 0.05 0.57
GHSF12 PC 0.04 0.33
GHSF12 MC 0.03 0.33
HADS 0.05 0.47
HADS AC 0.09 0.87
HADS MC 0.06 0.94
MPQ 0.89 0.75
* The mean presented as the score used in CMS
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By progressive comparisons, the PGs can be incorporated into a valid analytical 
framework. In summary, the affected shoulders in female patients with unilateral and 
bilateral impingement had no significant differences in between which allowed 
pooling them into a single group of 16 female patients with impingement. The 
improved subgroup had some significant differences when compared with 
unilaterally affected female patients, therefore, it was separated and because of its 
small sample size, it was decided to remove it from final comparisons. Finally, all 
affected shoulders in male patients were proved to be alike, therefore, gathered to 
form 19 male patients with impingement [Figure 4-2].
Female Patients 
(n=20
Male Patients 
(n=19)
Patient Group 
(n=39)
Female 
Patients with 
Improved 
Impingement 
(n=4)
Unilateral 
Impingement 
+ another 
pathology 
(n~6)
Improved
Unilateral
Impingement
(n=4)
Unilateral
Impingement
(n=6)
Unilateral
Impingement
(n=ll)
Bilateral
Impingement
(n=5)
Bilateral
Impingement
(n=7)
Female 
Patients with 
Impingement 
(n-16)
21 shoulders
Male Patients 
with
Impingement
(n=19)
26 shoulders
Figure 4-2: Pooling clinical subgroups in male and female impingement patients
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5 CHAPTER FIVE: RESULTS - CLINICAL ASSESSMENT
This chapter includes the results of different clinical assessments and self-reporting 
questionnaires, their descriptive statistics and comparative analysis between the 
female patients (FP) and female controls (FC), and later between male impingement 
patients and controls. Results are shown as mean value and standard deviation (SD), 
or range, as appropriate.
Objectives:
In both impingement patients and controls:
• To assess and compare the muscle strength of four shoulder muscle groups using 
Mecmesin myometer.
• To assess and compare the range of motion using a goniometer and photos.
• To identify alteration of upper body posture, their association with shoulder 
impingement and differences from normal shoulders using simple measurements 
between spine and shoulder girdle anatomical landmarks.
• To assess and compare the effect of shoulder impingement on daily life shoulder 
activity using a functional impairment test (FIT-HaNSA)
• To document and compare subjective assessments of shoulder impingement and 
related health problems using seven patient-based (self-reported) questionnaires.
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5.1 Female Data: Patients and Controls
Table 5-1: Comparisons between affected and unaffected shoulders of female patients with controls.
Comparing isometric maximum voluntary contraction (MVC), range of motion (ROM), postural 
measurements and functional impairment test-hand and neck/shoulder/arm (FlT-HaNSA). Bold p
values are less than 0.05.
Tests
Female
Impingement
Affected
Shoulder
P
value
Female
Controls P
value
Female
Impingement
Unaffected
Shoulder
N Mean SD N Mean SD N Mean SD
Isometric MVC (N)
Flexors 21 37.7 15.8 0.00 26 67.8 9.9 0.33 11 64.8 8.7
Abductors 21 31.4 13.2 0.00 26 64.1 9.1 0.29 11 59.0 10.3
External rotators 21 52.1 13.7 0.00 26 77.8 15.3 0.46 11 73.1 17.5
Internal rotators 21 66.0 30.6 0.00 26 124.4 33.4 0.34 11 109.8 41.6
ROM (°)
Flexion 21 126.7 30.0 0.00 26 180.0 0.0 0.00 11 170.0 6.3
Extension 21 35.2 8.7 0.00 26 53.8 5.0 0.00 11 45.5 4.7
Abduction 21 111.0 31.4 0.00 26 180.0 0.0 0.00 11 165.5 13.7
Horiz. adduction 21 39.0 9.6 0.02 26 45.4 3.7 0.42 11 46.4 5.0
External rotation 21 53.3 16.8 0.00 26 86.5 4.9 0.00 11 68.6 11.0
Internal rotation* 21 5.6 2.5 0.00 26 10.0 0.0 0.00 11 8.7 1.8
Bilateral posture
NSP (%) 21 161.0 8.7 1.00 26 162.0 5.5 0.97 11 161.2 8.5
SI (%) 21 70.5 6.7 0.47 26 72.1 6.7 0.32 11 69.3 7.4
LSST 1 (cm.) 21 8.8 2.0 0.61 26 9.0 0.9 0.74 11 9.5 2.2
LSST 2 (cm.) 21 9.6 1.9 0.14 26 10.3 0.9 0.79 11 10.5 1.9
LSST 3(cm.) 21 10.2 2.1 0.01 26 11.5 0.7 0.84 11 11.7 2.1
Axial posture
TKI (%) 16 10.4 2.9 0.93 12 10.1 1.3
FHP (°) 14 49.3 9.6 0.03 12 55.5 8.3
FSP (°) 15 45.5 10.1 0.02 12 53.6 7.0
FIT-HaNSA
WUT (%) 16 58.4 24.1 0.00 18 100.0 0.0 0.00 6 80.3 22.9
EDT (% 16 29.8 15.8 0.00 18 92.1 11.8 0.00 6 45.6 17.6
OHT (%) 16 43.6 17.7 0.00 18 97.7 4.7 0.00 6 63.9 17.5
AVERAGE 16 43.9 17.3 0.00 18 96.6 4.9 0.00 6 63.3 17.5
* The mean presented as the score used in CMS
5.1.1 Female Isometric Maximum Voluntary Contraction 
Generally, there was a pattern of gradual decrease of muscle strength when moving 
from the internal rotators, external rotators, flexors to abductors. The general pattern 
indicated that the affected shoulder in female patients demonstrated significantly less
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muscle strength in all muscle groups when compared with female controls and the 
unaffected shoulder in the same patients. Although, the muscle strength in the 
unaffected shoulder was comparably less than that in controls but the difference was 
not significant. There was about 50% reduction of muscle strength in flexors, 
abductors and internal rotators [Table 5 — 1].
5.1.2 Female Range of Motion
The general pattern indicated that the affected and unaffected shoulders in female 
patients showed a significantly reduced ROM in all shoulder movements when 
compared with controls. Horizontal adduction revealed less significant difference. 
Furthermore, the impingement patients showed that the unaffected shoulders were 
not as bad as the affected ones but also they were not good as healthy shoulders 
[Table 5-1].
5.1.3 Female Posture
Bilateral postural measurements showed only one significant difference between 
affected female shoulders and controls for LSST 3 (p<0.05) [Table 5-1].
5.1.4 Female Functional Impairment Test-Hand and
Neck/Shoulder/Arm
The functional impairment test indicated a very strong significant difference when 
female controls were compared to affected and unaffected shoulders [Table 5-1].
5.1.5 Female Self-Reporting Questionnaire
Table 5-2: The mean scores of Constant-Murley score (CMS). A comparison between female 
patients and controls. Boldp values are less than 0.05,
CMS Be
st
W
or
st
Female
Impingement
Affected
Shoulder
P
value
Female
Control Pvalue
Female
Impingement
Unaffected
shoulder
N Mean SD N Mean SD N Mean SD
Pain 15 0 21 7.0 3.3 0.00 26 15.0 0.0 0.03 11 14.4 1.6
Activity 20 0 21 11.1 3.5 0.00 26 20.0 0.0 0.00 11 19.1 1.5
ROM 40 0 21 23.9 7.5 0.00 26 39.8 0.7 0.02 11 38.4 2.9
Power 25 0 21 7.0 3.0 0.00 26 14.4 2.1 0.20 11 13.2 2.4
Total 100 0 21 49.2 14.1 0.00 26 88.8 1.8 0.04 11 85.0 6.9
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The components and the total of CMS revealed that the female patients’ means were 
significantly lower in the affected shoulders than the unaffected and healthy 
shoulders (p<0.01). The unaffected shoulders were significantly different from 
healthy shoulders (p<0.05) in all components except for power [Table 5-2].
The other self-reported questionnaires revealed that the mean scores — except for 
DASH Op 12 - were significantly different between female patients and female 
controls [Table 5-3].
Table 5-3: The mean scores of other self-reporting questionnaires. Comparisons between female 
patients and controls. Boldp values are less than 0.05.
Other Questionnaires Be
st
W
or
st
Female
Impingement
Affected p value
Female
Control
N Mean SD N Mean SD
OSS 0 48 16 23.7 8.2 0.00 13 48.0 0.0
DASH 100 0 16 53.8 14.2 0.00 13 0.4 1.2
DASH Opl 100 0 16 22.7 26.8 0.01 12 0.0 0.0
DASH Op2 100 0 16 19.1 32.4 0.05 11 0.0 0.0
ULFI 100 0 16 46.8 17.3 0.00 13 0.0 0.0
MPQ 78 0 16 22.7 12.3 0.00 13 0.0 0.0
HADS 42 0 16 14.9 8.5 0.00 13 1.2 2.1
HADSAC 21 0 16 8.8 4.4 0.00 13 0.8 1.4
HADSJDC 21 0 16 6.2 4.5 0.00 13 0.4 1.0
GHSF12 56 12 16 33.6 7.4 0.00 13 16.2 2.0
GHSF12PC 28 6 16 16.6 3.9 0.00 13 8.7 1.7
GHSF12 MC 28 6 16 17.1 4.0 0.00 13 7.5 0.7
Female patients addressed a highly significant difference (p<0.01) from controls in 
their response of self-assessment questionnaires. DASH option 2 was the only one 
with/?=0.05 and was related to recreational activity.
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5.2 Male Data: Patients and Controls
Table 5-4: Comparisons between affected and unaffected shoulders of male patients with controls 
Comparing isometric maximum voluntary contraction (MVC), range of motion (ROM), postural 
measurements and functional impairment test-hand and neck/shoulder/arm (FIT-HaNSA). Bold p
values are less than 0.05.
Tests
Male
Impingement
Affected
Shoulder
P
value
Male
Controls P
value
Male
Impingement
Unaffected
Shoulder
N Mean SD N Mean SD N Mean SD
Isometric MVC (N)
Flexors 26 71.3 36.2 0.00 42 103.7 18.0 0.44 12 109.0 22.6
Abductors 26 58.9 34.6 0.00 42 94.5 14.6 0.96 12 95.1 19.4
External rotators 26 84.9 38.0 0.00 42 110.4 27.7 0.94 12 112.7 27.9
Internal rotators 26 122.6 71.1 0.00 42 175.8 55.4 0.29 12 194.0 52.1
ROM (°)
Flexion 26 138.5 41.7 0.00 42 178.1 4.0 0.32 12 175.8 6.7
Extension 26 39.4 8.9 0.00 42 50.8 5.3 0.06 12 47.9 3.3
Abduction 26 129.6 45.8 0.00 42 178.3 4.4 0.17 12 176.7 6.5
Horiz. adduction 26 37.9 8.9 0.02 42 41.9 2.9 0.31 12 42.5 3.4
External rotation 26 52.9 16.4 0.00 42 75.2 9.2 0.03 12 67.1 10.3
Internal rotation^ 26 5.3 2.4 0.00 42 9.7 0.8 0.00 12 8.8 1.0
Bilateral posture
NSP (%) 26 157.0 9.9 0.13 42 161.5 13.4 0.00 12 149.7 6.8
SI (%) 26 75.6 8.3 0.34 42 73.5 6.1 0.22 12 74.4 6.0
LSST 1 (cm.) 26 9.7 1.5 0.75 42 9.6 1.2 0.87 12 9.7 1.8
LSST 2 (cm.) 26 10.9 2.0 0.40 42 10.4 1.3 0.22 12 11.0 1.8
LSST 3(cm.) 26 11.6 1.2 0.35 42 11.9 1.0 0.54 12 12.0 1.6
Axial posture
TKI (%) 21 11.8 2.1 0.14 18 10.5 2.4
FHP (°) 19 52.5 5.9 0.10 18 47.0 11.4
FSP (°) 19 61.9 9.4 0.00 18 49.7 9.2
FIT-HANSA
WUT (%) 18 69.8 32.1 0.00 22 100.0 0.0 0.06 6 96.5 8.6
EOT (% 17 51.9 29.2 0.00 22 96.8 7.1 0.05 6 71.7 33.7
OHT (%) 17 60.0 25.8 0.00 22 99.2 2.7 0.00 6 73.2 14.1
AVERAGE 18 59.9 26.0 0.00 22 98.5 3.2 0.01 6 84.4 19.8
* The mean presented as the score used in CMS
5.2.1 Male Isometric Maximum Voluntary Contraction 
Generally, there was a pattern of gradual decrease of muscle strength when moving 
from the internal rotators, external rotators, flexors to abductors. The general pattern 
indicated that the affected shoulders in male patients exhibited lower muscle strength
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in all muscle groups when compared with the shoulders of male controls and the 
unaffected shoulders in the same patients. Although, the muscle strength in the 
unaffected shoulder was comparably less than that in controls but the difference was 
not significant [Table 5-4].
In both sexes, the pattern of changes in muscle strength was similar, and the 
significant difference was higher (p<0.01) between flexors, abductors, external and 
internal rotators of patients and controls. The significant difference was lower (p< 
0.05) when the internal rotators of female patients and external rotators of male 
patients were compared between the affected and unaffected shoulders.
5.2.2 Male Range of Motion
The affected shoulders in male patients showed a significantly reduced ROM in all 
shoulder movements when compared with the shoulders of male controls as well as 
the unaffected shoulders of male patients. Horizontal abduction revealed less 
significant difference (p>0.01). The ROM of the unaffected shoulders was not 
significantly different from those of controls except for external and internal rotation 
[Table 5 — 4].
Both male and female groups showed similar pattern of changes and statistical 
significance in ROM. Generally, the unaffected shoulders of male patients were 
more similar to male controls; whereas in female patients a statistical significant 
difference was observed between the unaffected shoulders and female controls.
5.2.3 Male Postural Measurements
Generally, the differences in the bilateral postural measurements between the 
compared male groups were quantitatively small and statistically not significant. The 
only significant difference was detected for NSP when the unaffected shoulders were 
compared with either the affected shoulders or the controls. Furthermore, the FSP 
was highly significantly different between the compared groups [Table 5-4].
In both female and male patients, when compared to controls of the same gender, 
there were no major differences in postural measurements except in LSSTP3, FHP 
and FSP in females; and FSP in males. The axial postural measurements were 
generally higher in male controls than male patients with a significant difference in 
FSP between the two groups.
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5.2.4 Male Functional Impairment Test-Hand and 
Neck/Shoulder/Arm
The mean duration (%) of each task and the average of their performance was 
highly significantly reduced in the affected shoulders of male patients when 
compared to controls (fKO.Ol). The tasks were performed only on 6 unaffected 
shoulders and were significantly different from controls for the OHT [Table 5-4].
5.2.5 Male Self-Reporting Questionnaires
Table 5-5: The mean scores of Constant-Murley score (CMS). A comparison between male patients 
and controls. Bold p values are less than 0.05.
CMS Be
st
W
or
st
Male
Impingement
Affected
Shoulder
P
value
Male
Control Pvalue
Male
Impingement
Unaffected
shoulder
N Mean SD N Mean SD N Mean SD
Pain 15 0 25 6.6 4.2 0.00 42 14.4 1.6 0.06 12 14.2 1.3
Activity 20 0 26 10.3 5.5 0.00 42 19.6 1.2 0.00 12 19.1 1.5
ROM 40 0 26 23.5 10.5 0.00 42 39.5 2.0 0.03 12 38.5 3.0
Power 25 0 26 14.2 7.6 0.00 42 21.1 2.8 0.76 12 21.0 3.4
Total 100 0 26 54.0 23.9 0.00 42 94.8 4.3 0.32 12 93.0 6.9
Generally, the affected shoulder of male patients showed a significantly lower score 
than the controls. Every component of CMS revealed that the means were 
significantly lower in the affected shoulders than the controls. The unaffected 
shoulders showed a significant difference only for activity and ROM (p<0.01 and 
<0.05 respectively) [Table 5 — 5].
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Table 5-6: The mean scores of other self-reporting questionnaires. Comparisons between male 
patients and controls. Bold p values are less than 0.05.
Other
Questionnaires B
es
t
W
or
st
Male
Impingement
Patients
P
value
Male
Control
N Mean SD N Mean SD
OSS 0 48 18 24.2 8.1 0.00 21 46.4 2.6
DASH 100 0 18 50.5 17.4 0.00 21 1.9 3.5
DASH Opl 100 0 18 39.6 32.3 0.00 21 0.6 1.9
DASH Op2 100 0 18 34.0 36.2 0.00 21 1.2 5.5
ULFI 100 0 18 51.1 17.5 0.00 21 2.9 7.1
MPQ 78 0 18 28.0 18.7 0.00 21 1.7 3.9
HADS 42 0 18 16.2 10.8 0.00 21 0.3 0.7
HADSAC 21 0 18 9.2 5.8 0.00 21 0.3 0.7
HADSDC 21 0 18 6.3 6.0 0.00 21 0.0 0.0
GHSF12 56 12 18 33.3 10.2 0.00 21 17.4 3.4
GHSF12PC 28 6 18 16.5 4.6 0.00 21 9.0 2.1
GHSF12 MC 28 6 18 18.1 4.9 0.00 21 8.4 1.7
Each self-reporting questionnaire revealed that the mean score was significantly 
different between male patients and male controls
5.3 Combined Pain Score
The primary reason for patients to seek referral from their GP to the specialist 
shoulder teams is pain. Patients with SIS have particular patterns of pain - worst 
during particular movements and in specific places.
A combined pain score (CPS) was fonnulated from the items related to pain in the 
following self-reporting questionnaires: (1) CMS (item 1); (2) OSS (items 1, 8 
and 12) (3) DASH (Items 24 and 25); and (4) GHSF-12 (item 6). Both graphs in 
Figure 4 — 1 and Figure 4-2 reflected the percentage of pain intensity in female and 
male study groups with the lowest score (0%) indicating ‘the most severe pain’ and 
the highest score (100%) indicating ‘no pain at all’ in the clinical subgroups of 
female and male patients.
Result: Clinical Assessment (Non-EMG Data) 136
Subacromial Impingement Syndrome (2012)
Figure 5-1: Combined Pain Score (CPS) in individual female patients.
Severity of pain arranged from worst to best in female patients with unilateral and bilateral
involvement.
100
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Male Patients (n=19)
Figure 5-2: Combined Pain Score (CPS) in individual male patients.
Severity of pain arranged from worst to best in male patients with unilateral, bilateral and complicated
unilateral impingement.
Both female and male patients had the worst pain intensity at about 10% and the 
least experienced pain about 65% score. A higher percentage of patients with 
bilateral impingement had severe pain in the range of 10% - 20%, while in the 
majority of unilateral impingement it was distributed in the range of 20% - 65%.
The shoulder pain was localized anterolateral to the acromion process in all female 
patients. In addition to anterolateral pain 6/10 shoulders in patients with bilateral
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involvement had associated pain at the top of the shoulder around acromioclavicular 
joint and referred arm pain in 5/10 with bilateral affection.
Regarding male patients, all non-complicated unilateral shoulders (8/8), 6/14 with 
bilateral involvement and 2/6 with complicated unilateral impingement had only 
anterolateral pain to the acromion. The remaining bilaterally involved shoulders had 
an associated pain to the top of shoulder and extension to lateral aspect of the arm, 
while the rest of complicated unilateral shoulders had associated pain with extension 
to the back. Those with pain score less than 20% showed considerable restriction of 
shoulder movements.
5.4 Overall Non-Electromyography Data Correlations
I able 5-7: Inter-correlation between combined pain score (CPS), isometric maximum voluntary 
contraction (MVC), range of motion (ROM), postural measurements, functional impairment test-hand 
and neck/shoulder/arm (FIT-HaNSA) and Constant-Murley score. The indicated p values are less than
0.05 (statistical significance).
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FLEXORS .026 1
ABDUCTORS .000
Ext Rot .000 .000
Int Rot .039 .000 .000 .000
Fle»on .022 .001 .000 .002 .000
Abduction .040 .001 .000 .001 .000 .000
ExtRotation .007 .023 .013 .000 .000
IntRotation .013 .044 .010 .041 .003 .000 .000 .000
NSPI .041 .015
SI .011 .001 .001 .025
LSSTP1
LSSTP2 .000
LSSTP3 .000 .000
Thori<^3ind .006 .045
FHP .028 .034
FSP .032 .022 r' ' .023
WAJT .037 .001 .000 .006 .002 .057 .025
EDT .021 .020 .004 .021 .044 .090 .000
OHT .001 .000 .004 .004 .000 .001
AVERAGE .007 .000 .000 .005 .002 .028 .014 .000 .000 .000
PAIN .000 .026 .025 .046 .028 .040 .026
ACTMTY .000 .003 .028 .013 .009 .006 .016 .020 .004 .017 .016 .000
ROM .011 .017 .010 .000 .000 .001 .000 .028 .002 .000
POWER
l ■.
.000 .000 .000
___
.000 .002 .000 .006 .000 .000 .000 .000
TOTAL .000 .000 .000 .000 .000 .000 .000 .000 .000 .012 .008 .003 .000 .000 .000 .000
Positive correlation Negative correlations
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Table 5 — 7 showed an overall (all female and male patients) Pearson Coefficient 
Correlation of the CPS, isometric MVC, ROM, FIT-HaNSA and CMS. The CPS had 
positive significant correlation with isometric MVC (flexors and internal rotators), 
ROM (flexion, abduction, internal and external rotation), FIT-HaNSA (WUT and 
EDT) and CMS (all components except power). No correlation was detected 
between CPS and postural measurements. Additionally, isometric MVC was 
significantly positively correlated with ROM (except external rotation), FIT-HaNSA, 
posture (only SI) and CMS; while negatively correlated to NSP, the first component 
of posture. Overall, a strong relationship was evident between pain, muscle strength 
(isometric MVC), ROM and functional impairment in patients with SIS.
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6 CHAPTER SIX: ELECTROMYOGRAPHY RESULTS - 
MUSCLE ACTIVATION
EMG was recorded from 15 shoulder muscles on one side during 3 functional tasks 
simulating daily living activities (chapter 3- Material and Methods, section 3.6.8.1). 
With a 1 kg load in hand, the tasks were progressed gradually from an internal and 
external rotation task (IERT) with the arm at the side of the body to forward reaching 
(arm elevation and lowering tasks) between the waist and eye levels and known as 
waist-up task (WUT) and eye-down task (EDT). The average of 10 full cycles of 
each task for study groups and controls was considered to achieve the following 
objectives:
(1) To determine differences in the time spent during the shelf contact and 
movement between shelves at each phase of the three functional tasks.
(2) fo compare patterns of shoulder muscle activation during functional tasks 
using quantitative and qualitative techniques.
EMG—
Muscle Activation
-> Muscle fatigue 
(Chapter 7)
3 Tasks
(1) Internal-external rotation
(2) Waist-up task
(3) Eye-down task
Duration
Time (mSeconds %)
Magnitude
T
Mean Amplitude (%)
I-----
Shelf-contact
I
---- 1
Off shelf I--------1
Phase (1) Phase (2)
I
Inter-groups Comparisons
i
Female . Female
Controls ~ patients
Male . w Male
Controls ^ patients
Intra- and inter-group 
comparisons
<■
Pattern
T
Mean Amplitude (%) every 5% 
interval of the time domain
Phase (1) 
10-5% intervals
T
Quantitative
Comparisons
Muscle groups
Phase (2)
4,
Ranked normalized 
mean amplitude at
(1) Scapular positioning
(2) Humeral head Centring
(3) Deltoid
T
Individual muscle
every 5% interval and 
sorted to high, 
moderate and low
T
Individual muscle
components of 
muscle groups
components of 
muscle groups
Figure 6-1: Flowchart results of muscle activation during three different tasks: Internal-external
rotation, waist-up and eye-down tasks.
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6.1 Internal and External Rotation Task
1 he Internal and External Rotation Task (IERT) involved dynamic/cyclic 
movements of shoulder internal (phase 1) and external (phase 2) rotation following 
an adjusted metronome to achieve one full cycle within 2 seconds (i.e. one second 
for each phase). With the arm close to the side of the body, each participant lifted a 
1-kg weight over a barrier placed horizontally on a shelf at the waist level for 10 
successive cycles. The applied position and movements during this task did not 
require arm elevation and as a result provided a convenient pain-free assessment of 
the shoulder performance in SIS patients.
Phase (1) Internal Rotation Phase (2) External Rotation
Figure 6-2: Internal (phase 1) and external (phase 2) rotation task (IERT)
Moving a load of 1 kg across a shelf parallel to horizontal plane and placed at the waist level. The 
weight was lifted over a bridge (blue colour) placed in a perpendicular plane on the shelf.
6.1.1 Cycle Duration
The average duration of 10 cycles was divided into the duration of shelf-contact and 
off-shelt time during internal rotation (phase 1) and external rotation (phase2) of the 
task. The percentage of shelf-contact and off-shelf in each phase was calculated from 
the averaged cycle duration and presented in Table 6- 1. Taking into account the 
female groups, the mean duration of shelf-contact was significantly higher while the 
off-shelf was significantly lower in SIS patients compared to the controls for both 
phase (1) and (2) of the IERT. Concerning the male groups, though there was no 
significant difference of the compared on-shelf and off-shelf mean durations at both 
phases but they showed reversed trend to that reported in female groups.
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Table 6-1: Comparing the time % of the phase components (shelf-contact and off-shelf) during
internal-external rotation task (LERT).
The comparisons were within female (subacromial impingement syndrome (SIS) patients, n=13; 
controls, n=13) and male (SIS patients, n=16; controls, n=20) subjects. Bold p values <0.01,
Phase (1) Internal Rotation Phase (2) External Rotation
PERT SIS Patients Controls SIS Patients Controls
oroup
Mean SD Mean
p value 
SD Mean SD Mean SD
p value
Female
Shelf-Contact 9.3 3.4 5.2 2.2 0.00 8.7 3.5 4.7 1.6 0.00
Off-Shelf 40.9 3.4 45.1 2.1 0.00 41.2 3.7 45.1 2.2 0.00
Male
Shelf-Contact 11.2 5.3 9.3 5.6 0.45 10.0 5.1 8.8 5.0 0.45
Off-Shelf 39.5 5.5 41.3 5.3 0.41 39.3 5.1 40.7 5.3 0.65
6.1.2 Mean Amplitude
As previously described in ‘Chapter 3 - Material and Methods, section 3,6.11.4’, the 
raw EMG data of muscle activation during phase 1 and phase 2 of the IERT was 
normalized to the mean amplitude of each phase (Amplitude %) to make it 
comparable between the study groups. Table 6 - 2 and Table 6-3 included intra­
group and inter-group comparisons, respectively, of normalized mean amplitude in 
each phase of IERT.
Regarding intra-group comparisons of phase 1 and phase 2 mean amplitude %, 
matched significant differences in female patients and female controls were evident 
for SA, LD,TM, ISP, AD and MD. In addition, UT and LT in female patients and 
SUBS in female control subjects revealed isolated significant differences [Table 6 - 
2]. In male groups, the matched significant differences were evident in UT, TM, ISP, 
and PD. LS, LT, PM and AD were significantly different in male patients; while SSP 
and MD showed significant difference in male controls [Table 6-2]. The 
comparison of phase mean amplitude % between patients and controls of both sexes 
revealed very limited significant differences. The comparison between female 
patients and controls showed significant difference for SUBS in both phases and AD 
in phase 1; while between male groups, the only significant difference was noted for 
LS in phase 1 [Table 6-3].
Result: EMG ~ Muscle Activation 142
Subacromial Impingement Syndrome (2012)
Table 6-2: Normalized mean amplitude (%) comparison between phase 1 and phase 2 in female 
(subacromial impingement syndrome (SIS) patients=16, controls=13) and male (SIS patients = 19, 
controls =20) subjects during internal-external rotation task.
Muscle
Groups Muscle
SIS Patients Controls
Phase 1 Phase 2 P
value
Phase 1 Phase 2 P
valueMean SD Mean SD Mean SD Mean SD
Female Group
LS 98.0 7.0 100.6 6.6 0.44 101.2 5.9 98.5 6.8 0.51
03 .E 
"S c UT 92.8 6.5 104.8 8.4 0.00 94.7 10.8 104.0 10.1 0.17§..2 
a .ti LT 91.4 8.3 106.4 8.8 0.00 97.1 7.8 102.9 7.6 0.17
C/5 O
Cl SA 103.5 3.9 95.6 3.9 0.00 106.4 7.7 93.6 7.4 0.01
RM 93.7 12.4 105.2 12.1 0.15 97.4 11.3 102.7 11.2 0.75
Ofl
C
LD 103.0 3.7 96.4 3.7 0.01 104.3 4.6 95.8 4.4 0.01
1=
g TM 91.1 6.3 109.0 7.0 0.00 94.3 5.7 106.1 6.1 0.01
U
T3 PM 109.5 9.0 90.2 9.0 0.00 115.1 8.7 84.6 9.1 0.00
<u
X BB 100.3 4.0 99.4 4.6 0.72 100.7 4.3 99.6 4.9 0.75
e SSP 95.3 12.4 103.8 13.1 0.35 98.8 8.5 101.3 8.7 0.86
E
3 ISP 91.2 9.3 108.9 10.0 0.01 95.3 6.7 105.2 7.5 0.02
X SUBS 100.2 7.5 101.5 8.8 0.68 107.3 8.0 92.6 8.9 0.01
12 AD 106.9 6.0 92.8 5.9 0.00 112.4 6.8 87.7 6.9 0.00
<D MD 98.1 8.7 101.5 8.4 0.30 101.9 8.1 98.6 7.9 0.75
UJ PD 93.7 7.5 105.8 7.6 0.00 93.5 10.5 106.9 10.2 0.00
Male Group
LS 96.2 3.4 103.2 3.8 0.00 99.0 4.8 101.7 5.5 0.30
6X)
{3 .E UT 89.8 12.5 109.6 12.2 0.00 94.7 8.8 106.2 8.0 0.01
S..2 LT 95.0 8.4 105.1 8.4 0.01 96.1 9.1 104.9 10.0 0.05
C/5 d
Cl SA 100.7 6.4 98.2 6.0 0.29 100.2 9.4 100.6 9.3 0.63
RM 95.2 12.8 102.0 10.4 0.20 95.6 7.8 103.7 8.6 0.06
0J5
C
LD 101.3 5.4 98.2 5.6 0.18 102.1 4.8 98.5 5.2 0.10
c TM 88.4 6.4 111.9 6.3 0.00 90.2 9.8 110.7 10.4 0.00
o
T3
PM 106.9 11.9 93.4 10.8 0.01 106.8 13.4 94.4 14.1 0.06
C34)
X BB 101.0 9.7 99.3 9.0 0.56 101.4 6.4 99.3 7.3 0.33
2 SSP 94.4 15.1 101.4 15.5 0.10 95.6 8.5 105.0 8.1 0.02
E
3
ISP 87.6 9.0 113.1 9.4 0.00 90.5 8.8 110.6 10.2 0.00
X SUBS 96.8 11.2 100.2 8.7 0.27 99.3 6.8 101.5 6.9 0.65
r2 AD 104.3 7.9 95.3 7.7 0.03 102.7 10.5 98.2 10.4 0.21
MD 97.4 8.1 102.3 6.9 0.05 95.6 5.8 105.2 5.1 0.00
PD 90.1 7.4 109.8 7.1 0.00 93.1 7.1 107.9 7.8 0.00
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Table 6-3: Normalized mean amplitude (%) comparisons in female (subacromial impingement 
syndrome (SIS) patients=16, controls=13) and male (SIS patients = 18, controls =19) subjects during 
phases 1 and 2 of the internal-external rotation task.
Muscle
Groups
Phase 1 Phase 2
Muscle SIS Patients Control
p value
SIS Patients Control
p value
Mean SD Mean SD Mean SD Mean SD
Female Group
^ 00 £ .E
LS 98.0 7.0 101.2 5.9 0.24 100.6 6.6 98.5 6.8 0.36
UT 92.8 6.5 94.7 10.8 0.54 104.8 8.4 104.0 10.1 0.57
gj
cs LT 91.4 8.3 97.1 7.8 0.08 106.4 8.8 102.9 7.6 0.25
cz> o a. SA 103.5 3.9 106.4 7.7 0.29 95.6 3.9 93.6 7.4 0.46
RM 93.7 12.4 97.4 11.3 0.38 105.2 12.1 102.7 11.2 0.55
bt) LD 103.0 3.7 104.3 4.6 0.20 96.4 3.7 95.8 4.4 0.48c
‘E TM 91.1 6.3 94.3 5.7 0.20 109.0 7.0 106.1 6.1 0.20c<uU PM 109.5 9.0 115.1 8.7 0.16 90.2 9.0 84.6 9.1 0.17
-aa BB 100.3 4.0 100.7 4.3 0.83 99.4 4.6 99.6 4.9 0.79
X
24>
E
SSP 95.3 12.4 98.8 8.5 0.36 103.8 13.1 101.3 8.7 0.60
ISP 91.2 9.3 95.3 6.7 0.16 108.9 10.0 105.2 7.5 0.19
3
X SUBS 100.2 7.5 107.3 8.0 0.04 101.5 8.8 92.6 8.9 0.02
AD 106.9 6.0 112.4 6.8 0.03 92.8 5.9 87.7 6.9 0.05
o
"S MD 98.1 8.7 101.9 8.1 0.20 101.5 8.4 98.6 7.9 0.38
Q PD 93.7 7.5 93.5 10.5 0.46 105.8 7.6 106.9 10.2 0.79
Male Group
13 .S
LS 96.2 3.4 99.0 4.8 0.04 103.2 3.8 101.7 5.5 0.25
UT 89.8 12.5 94.7 8.8 0.43 109.6 12.2 106.2 8.0 0.58
Q. .2 « LT 95.0 8.4 96.1 9.1 0.54 105.1 8.4 104.9 10.0 0.81
C/3 o o. SA 100.7 6.4 100.2 9.4 0.38 98.2 6.0 100.6 9.3 0.10
RM 95.2 12.8 95.6 7.8 1.00 102.0 10.4 103.7 8.6 0.66
00c LD 101.3 5.4 102.1 4.8 0.61 98.2 5.6 98.5 5.2 0.90
Urn
c TM 88.4 6.4 90.2 9.8 0.72 111.9 6.3 110.7 10.4 1.00
CJ
-a PM 106.9 11.9 106.8 13.4 0.74 93.4 10.8 94.4 14.1 1.00
<D
I BB 101.0 9.7 101.4 6.4 0.81 99.3 9.0 99.3 7.3 0.88
1 SSP 94.4 15.1 95.6 8.5 0.95 101.4 15.5 105.0 8.1 0.45
1
3 ISP 87.6 9.0 90.5 8.8 0.33 113.1 9.4 110.6 10.2 0.53
£ SUBS 96.8 11.2 99.3 6.8 0.38 100.2 8.7 101.5 6.9 0.97
•o AD 104.3 7.9 102.7 10.5 0.63 95.3 7.7 98.2 10.4 0.35
o
"33 MD 97.4 8.1 95.6 5.8 0.32 102.3 6.9 105.2 5.1 0.11
Q PD 90.1 7.4 93.1 7.1 0.26 109.8 7.1 107.9 7.8 0.74
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6.1.3 Muscle Activation Pattern during Internal-External Rotation 
Task
EMG recordings during repeated dynamic standardised movements were familiar to 
the participants in the study that allowed the identification of different patterns of 
muscle activation. The normalization of the EMG raw signals to the mean amplitude 
was undertaken to facilitate comparisons between patients and controls (Chapter 3 - 
Material and Methods: section 3.6.11.4.1).
6.1.3.1 Muscle Activation Pattern for muscle groups during 
Internal-External Rotation Task
6.1.3.1.1 Patterns of Muscle Groups in Female Participants
In female controls [Figure 6 - 21], the SP muscle group was the initial leading 
muscle group at the level of external shelf contact (early phase 1) followed by the 
HHC and deltoid groups. As the arm initially attempted internal rotation, there was a 
steady decline in the contribution of the 3 groups with HHC group in advance (the 
arm was rotated internally towards neutral position). As the hand passed over the 
perpendicular bridge and advanced towards the extreme position of internal rotation 
and away from neutral position, the contribution of all muscles increased with 
simultaneous steep curves. In the second half of internal rotation, the deltoid group 
was the initial leading muscle followed by the HHC group while the SP group 
showed less contribution. Additionally, it was obvious that the SP group was the 
initial leading muscle during the shelf-contact of phase 2. As the external rotation 
was initiated and the arm rotated towards neutral position, we could see similar 
pattern to the activity in phase 1 except that the SP and HHC groups were leading the 
activity , while the deltoid was more declined. In the second half of external rotation, 
the pattern was again similar to that in phase 1 except that the SP muscle group 
increased its contribution to occupy the second position after the deltoid.
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Female Controls Female Patients
Figure 6-3: Activation patterns of shoulder muscle groups during internal-external rotation task
(IERT).
Scapular positioning muscles (LS, UT, LT, SA and RM), humeral head centring (LD, TM, PM, BB, 
SSP, ISP and SUBS) and deltoid (AD, MD and PD) in female controls (left) and female impingement
patients (right)
Regarding female patients [Figure 6-3 and Figure 6 - 4], although the general 
pattern appeared similar to that in female controls, there were some alterations in the 
3 muscle groups of patients as the following: (1) a sharp rise in response to the 
initiation of either internal or external movements though no significant difference 
was detected, (2) lower contribution of activity which was evident and significantly 
different at mid-phase 1 for SP and HHC groups (/?<0.05 at 30% interval for both 
and at 35% for HHC group), end of phase 1 for all muscle groups (/?<0.05, at 50% 
interval), early phase 2 for all muscle groups (p<0.05, at 55% interval), and finally 
about mid-phase 2 for all muscle groups (/?<0.05, at 70% and 75% intervals), (3) 
significant higher activity level at the first half of external rotation (/?<0.05, at 70%
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and 75%), and (4) obvious delay in patients’ activity demonstrated by the shift of the 
curves to the right.
Mean%
(B) Pooled humeral head centring muscles of 
female controls vs. female patients.
B 100- -
Time (%)
(C) Deltoid muscle of female controls vs. 
female patients.
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(A) 0.2 0.25 0.1 0.54 0.51 0.02 0.15 0.43 0.73 0.03 0.03 0.48 0.13 0.01 0.05 0.46 0.43 0.46 0.1 0.31
(B) 0.2 0.16 0.13 0.51 0.54 0.01 0.01 0.16 0.14 0.01 0.01 0.51 0.07 0.01 0.01 0.2 0.38 0.38 0.07 0.43
(C) 0.2 0.34 0.14 0.14 0.63 0.16 0.16 0.31 0.26 0.01 0.03 0.43 0.07 0.02 0.05 0.93 0.46 0.66 0.57 0.43
Figure 6-4: Comparing muscle groups between female controls (FC) and patients (FP) during 
internal-external rotation task (IERT).
The statistical difference (p value) at every 5% interval of (A) Scapular Positioning muscles, (B) 
Humeral head centring muscles, and (C) Deltoid. Bold values are statistically significant (/?<0.05).
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6.1.4 Patterns of Muscle Groups in Male Participants
Male Controls Male Patients
J? 120
S 100
Time (%) Time (*/•)
Scapular Stabilizers HH Centring Deltoid Scapular Stabilizers HH Centrinj Deltoid
Figure 6-5: Activation patterns of shoulder muscle groups during internal-external rotation task
(IERT).
Scapular positioning muscles (LS, UT, LT, SA and RM), humeral head centring (LD, TM, PM, BB, 
SSP, ISP and SUBS) and deltoid (AD, MD and PD) in male controls (left) and male impingement
patients (right)
In male controls [Figure 6 - 5], though the deltoid started at a highest level briefly, 
the SP muscle group crossed upwards and lead the activity that was followed by 
deltoid and then HHC group at the level of external shelf contact (early phase 1). As 
the arm initially attempted internal rotation there was a steady decline of the SP and 
deltoid more than the HHC group (the arm was rotated internally towards neutral 
position). As the hand passed over the perpendicular bridge away from neutral 
position, the contribution of all muscle groups increased with simultaneous steep 
curves that were led by the HHC group. In the second half of internal rotation, they
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showed further lazy rise in activity, although HHC group was still leading and SP 
group showed inter-changeable level of activity with the deltoid. In addition, it was 
clear that the SP group was leading the activity during the shelf-contact of phase 2, 
followed by HHC and lastly the deltoid muscles. As the external rotation was 
initiated, a similar pattern was evident as in phase 1. In the second half of external 
rotation, the 3 groups showed acute elevation with higher contribution by the deltoid 
while the other two were equivocal in contribution. Finally, they showed a gradual 
decline to the end. Although no significant difference was evident on comparing the 
individual groups between male controls and patients, it was obvious that the 
patients’ averaged curves were shifted to the left (events took place earlier than in 
the controls) [Figure 6-5 and Figure 6-6],
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(B) Pooled humeral head centring muscles of 
male controls vs. male patients.
(C) Deltoid muscle of male controls vs. male 
patients.
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(A) 0.73 0.91 0.85 0.33 0.41 0.61 0.95 0.10 0.05 0.49 0.98 0.98 0.66 0.90 0.09 0.06 0.98 0.43 0.17 0.35
(R» 0.95 0.73 0.95 0.64 0.26 0.59 0.39 0.57 0.34 0.55 0.45 0.49 0.85 1.00 0.41 0.07 0.92 0.47 0.11 0.89
(C) 1.00 0.47 0.75 0.89 0.90 0.22 0.20 0.94 0.34 0.84 0.95 0.51 0.25 0.39 0.85 0.17 0.83 0.39 0.24 0.98
Figure 6-6: Comparing muscle groups between male controls (MC) and patients (MP) during 
internal-external rotation task (IERT).
The statistical difference (p value) at every 5% interval of (A) Scapular Positioning muscles, (B) 
Humeral head centring muscles, and (C) Deltoid. Bold values are statistically significant (/?<0.05).
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6.1.5 Patterns of Individual Muscles in Female Participants
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Figure 6-7: Comparing the activation pattern of 15 shoulder muscles between female controls (FC, 
blue line) and patients (FP, red line) during internal-external rotation task (IERT).
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Table 6-4: Activation pattern differences in individual shoulder muscles within muscle groups as 
compared between female patients and controls during internal-external rotation task (IERT).
Bold blue p-values indicated significant difference with higher contribution in controls, while bold red 
p-values indicated higher contribution in patients.
Cycle Phase (1) Internal rotation Phase (2) External rotation
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
to LS 0.20 1.00 0.38 0.46 0.79 0.15 0.12 0.69 0.51 0.57 0.01 0.69 0.06 0.00 0.03 0.73 0.86 0.97 0.02 0.73
i§ 1 UT 0.04 0.57 0.25 0.90 0.83 0.16 0.66 0.25 0.10 0.10 0.00 0.48 0.31 0.04 0.03 0.76 0.86 0.51 0.15 0.24
| -2 LT 0.24 0.17 0.02 0.25 0.43 0.00 0.04 0.07 0.24 0.04 0.01 0.93 0.12 0.01 0.01 0.79 0.86 0.86 0.12 0.19
% oSA 0.17 0.32 0.29 0.31 0.93 0.04 0.29 0.60 0.43 0.04 0.48 0.14 0.36 0.43 0.52 0.36 0.25 0.36 0.76 0.17
RM 0.70 0.14 0.19 0.79 0.28 0.21 0.30 0.55 0.36 0.13 0.11 0.48 0.14 0.25 0.91 0.21 0.30 0.66 0.79 0.59
LD 0.97 0.69 0.40 0.60 0.28 0.14 0.02 0.46 0.51 0.31 0.12 0.90 0.05 0.10 0.03 1.00 0.33 0.93 0.55 0.97
^ TM 0.40 0.04 0.09 0.97 0.38 0.04 0.03 0.11 0.19 0.02 0.01 0.25 0.93 0.27 0.25 0.16 0.12 0.02 0.02 0.76
0C c PM 0.14 0.48 0.33 0.90 0.65 0.46 0.25 0.27 0.33 0.05 0.15 0.38 0.46 0.02 0.06 0.73 0.15 0.19 0.33 0.73
e f BB 0.02 0.12 0.51 0.17 0.10 0.73 0.83 1.00 0.76 0.97 0.05 0.20 0.69 0.17 0.04 0.19 0.74 0.73 0.51 0.48
1 u SSP 0.46 0.23 0.48 0.57 0.31 0.14 0.46 0.38 0.24 0.02 0.00 0.16 0.10 0.07 0.10 0.38 0.54 0.93 0.17 0.22
3= ISP 0.90 0.07 0.27 0.73 0.22 0.01 0.11 0.54 0.43 0.03 0.03 1.00 0.46 0.08 0.03 0.04 0.05 0.19 0.26 0.46
SUBS 0.62 0.10 0.25 0.91 0.05 0.02 0.09 0.07 0.13 0.09 0.62 0.03 0.01 0.01 0.48 0.74 1.00 062 0.10 0.96
•2 AD 0.27 0.54 0.46 0.27 0.69 0.05 0.10 0.22 0.07 0.01 0.12 0.17 0.27 0.19 0.16 0.93 0.69 0.57 0.12 0.73
1 md 0.12 0.31 0.27 0.15 0.97 0.05 0.17 0.36 0.51 0.04 0.10 0.16 0.01 0.00 0.04 0.81 0.19 0.25 0.79 0.46
A PD 0.38 0.12 0.15 0.43 0.48 0.38 0.51 0.25 0.66 0.07 0.03 0.54 0.69 Oil 0.07 0.90 0.69 0.50 0.83 0.31
The individual averaged curves of female participants were compared in Figure 6-7. 
Table 6-4 revealed the significant differences during the course of the IERT and to 
be considered in relevance to Figure 6-3 and Figure 6-6.
In preparation for the internal rotation when the hand was in contact with the shelf 
(early phase 1), the SP and HHC groups showed less contribution in female patients 
than controls [Figure 6 - 4A], which coincided with the significant lower 
contribution of the UT and BB [Table 6-4] early in phase 1 (/?<0.05 at 5% interval). 
As the hand passed over the bridge and moved away from the neutral position, and in 
spite that the muscle groups showed increased contribution in both controls and 
patients [Figure 6 - 4A-C], but the female patients showed significant lower activity 
in LT, SA, LD, TM, ISP, SUBS, AD and MD (/?<0.05, at 30% and 35% intervals) 
[Table 6 - 4]. By the end of phase 1 (internal rotation) several muscles in Table 6-4 
showed significant lower contribution of individual muscles in female patients 
including LT, SA, TM, PM, SSP, ISP, AD and MD (p<0.05, at 50% interval). Those 
significant differences matched the muscle group difference at the same time interval 
[Figure 6-4].
Early in phase 2 and in agreement with significant muscle group differences noted in 
Figure 6-4, LS, UT, LT, TM, BB, SSP, ISP and PD showed significant difference 
due to lower contribution by patients (p<0.05, at 55% interval). Finally, there was a 
corresponding significant differences in muscle group about mid-phase of external
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rotation [Figure 6 - 4], LS, UT, LT, LD, PM, BB, ISP, SUBS and MD (/?<0.05 to 
<0.01, at 70% and 75% intervals).
6.1.6 Patterns of Individual Muscle Groups in Male Participants
£ iirr iIERT
(SUBS]
120
B 80
JB 80
Figure 6-8: Comparing the activation pattern of 15 shoulder muscles between male controls (MC, 
blue line) and patients (MP, red line) during internal-external rotation task (IERT).
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Table 6-5: Activation pattern differences in individual shoulder muscles within muscle groups as 
compared between male patients and controls during internal-external rotation task (IERT).
Bold blue p-values indicated significant difference with lower contribution in patients, while bold red 
p-values indicated higher contribution in patients.
Cycle Phase (1) Internal rotation Phase (2) External rotation
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
60 LS 0.15 0.97 0.73 0.64 0.80 0.97 0.36 0.03 0.00 0.05 0.82 0.68 0.57 0.22 0.01 0.25 0.80 0.51 0.25 0.27
Js I UT 0.61 0.85 0.78 0.23 0.27 0.82 0.64 0.23 0.30 0.27 0.92 0.51 0.21 1.00 0.01 0.01 0.23 0.36 0.66 0.51
| -2 LI 0.78 0.80 0.96 0.66 0.49 0.57 0.41 0.59 0.41 0.90 1.00 0.97 0.68 0.75 0.95 0.21 0.80 0.80 0.27 085
£ o SA 0.51 0.73 0.72 0.61 0.64 0.31 0.25 0.61 0.64 0.57 0.59 0.97 0.39 0.53 0.43 0.21 0.47 0.22 006 0.82
RM 0.77 0.72 0.92 0.12 0.45 0.77 0.72 0.23 0.14 0.45 0.47 0.23 0.82 0.64 0.87 0.62 0.31 0.18 0.55 0.84
LD 0.59 0.27 0.49 0.90 0.75 0.87 0.27 0.43 0.75 0.28 0.61 0.25 0.68 0.95 0.92 0.80 0.66 0.27 0.04 0.73
TM 0.51 0.28 0.25 0.47 0.78 0.61 0.14 0.21 0.03 0.30 0.53 0.28 0.82 0.47 0.92 0.18 0.28 0.95 0.24 0.82
X c'PM 0.85 0.75 0.91 0.18 0.18 0.70 0.34 0.78 0.97 0.57 0.57 0.95 0.61 1.00 0.36 0.19 0.76 0.17 0.27 0.75
E | BB 0.73 0.30 0.45 0.15 0.14 0.80 0.97 0.38 0.34 0.78 0.84 0.41 0.55 0.97 0.90 0.45 0.82 0.49 0.53 0.92
E u SSP 0.43 0.80 0.47 0.47 0.59 0.75 0.97 0.16 0.25 0.47 0.17 0.41 0.19 0.27 0.95 0.11 0.47 0.73 0.39 0.66
I ISP 0.70 0.38 0.90 0.75 0.47 0.51 0.15 0.43 0.17 0.22 0.45 0.95 0.78 0.75 0.08 0.08 0.08 0.30 0.73 0.53
SUBS 0.57 0.49 0.69 0.95 0.72 0.74 0.28 0.77 0.25 0.45 0.37 0.51 0.46 0.55 0.92 0.92 0.11 0.02 0.05 0.72
rs AD 0.73 0.95 0.43 0.87 0.49 0.15 0.22 0.80 0.92 0.73 0.68 0.70 0.47 0.31 0.73 0 15 0 61 0.47 0.05 0.78
1 MD 0.87 0.43 0.57 0.49 0.67 0.03 0.05 0.53 0.97 0.95 0.80 0.85 0.15 0.45 0.57 0.72 0.95 0.45 0.73 0.70
Q PD 0.97 0.22 0.68 0.73 0.61 0.79 0.68 0.30 0.08 0.43 0.97 0.41 0.53 0.78 0.78 0.30 0.41 0.68 0.57 0.64
In male patients, the muscle activation pattern either in muscle groups which showed 
no significant differences [Figure 6 - 6], or in individual muscles with very limited 
and sporadic significant differences [Table 6 - 5] ; there was an indication of the 
similarity of patterns between controls and patients in IERT.
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6.1.7 Relative Muscle Activation Map in Female Controls and 
Patients (Qualitative Assessment)
Activity key High Moderate Low Shelf-contact
Figure 6-9: Qualitative assessment of muscle activation patterns in female groups during internal-
external rotation task (iERT).
The relatively high activity included the highest 5 values, the relatively low activity included the 
lowest 5 values, and the relatively moderate activity included the remaining 5 values of mean 
amplitude % at every 5% interval of the time domain (for shelf-contact duration see Table 6 - 13).
The following table describes the individual muscle activation pattern of female 
controls during both phases of IERT, based on the relative activity of muscles in 
Table 6-6.
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Table 6-6: Qualitative description of the ranked muscles of female controls during internal (IR)-
external (ER) rotation task.
Muscles Phase 1 (IR) Phase 2 ^ER^ Remarks
LS Mostly high activity in
first half and mostly 
low in second half.
Early moderate, mid-range 
high and mostly low 
activity to end
High activity with shoulder 
elevation to move over the bridge 
in both phases
UT High activity since the
start, moderate to end 
of first half and low 
activity in second half
Mostly high activity High to moderate activity in first 
half of IR and mostly high with
ER related to shoulder elevation
ap
ul
ar
 P
os
iti
on
in
g
r H Started high activity by
dropped mostly to low 
in first half, then 
recovered to moderate 
in second half
Early high activity, gradual 
decline to low at mid­
phase, then mostly with 
moderate activity
Controlling scapular medial 
rotation (protraction) in second 
half of IR. Early high activity 
with ER matched with UT and
RM (balanced effect). In phase 1, 
its activity was reversed as 
compared with LS and UT
U C AC/) Moderate activity was
predominant all 
through
Low activity in first half 
then moderate in the 
second
Moderately active with IR helps 
scapular protraction. The 
moderate activity in second half 
of ER allowed scapular ER and 
control retraction
RM Mostly moderate
activity all through
Early high activity then 
maintained moderate 
activity.
A medial stabilizer of scapula 
during internal rotation, and 
scapular retractor in preparation 
forER
LD Gradual increase
toward mid-phase then 
maintained high 
activity to the end
Moderate activity in first 
half and mostly low 
activity in the second half
Internal Rotator (60%) after 
passing the bridge. Eccentric 
moderate activity with first half of 
ER
TM
GO
Almost low activity in
first half and moderate 
in second half
Mostly high activity in 
first half and alternate 
between moderate and low 
in the second half.
Moderately active with late IR, 
but also highly active in early ER 
(eccentric/extension element)
| PM 
c<L>
High activity through
the whole phase
Low activity Internal Rotator (90%). Low 
activity through ER
C3&>•C
13 --------
Mostly high activity in
first half and low 
activity in the second
Similar pattern to phase 1 The high activity in early both 
phases matched the elbow flexion 
to move the hand over the bridge
fc SSP
E3
X
Early high activity and
decreased gradually to 
mid-phase and further 
lower activity to end
Exactly opposite 
contribution to that in 
phase 1
It is a late external rotator (50%). 
The early high activity with IR 
reflected abduction and eccentric 
response to reversed motion
ISP Low activity in first
half and moderate in 
the second half
Mostly high active A highly active external rotator 
(60%). Moderate activity in late
IR reflected eccentric stabilizing 
effect
SUBS Mostly high activity Mostly low activity Following PM, acting as internal 
rotator (70%) in this group
AD
IE
Mostly high activity
through the phase
Mostly low activity with a 
short high activity in 
second half
The most active internal rotator 
(90%) in this group, similar to
PM in previous group
~ MD
Q
Moderate to high
contribution
Low, moderate to high 
contribution
Late high activity in both phases 
associated with slight abduction
PD Mostly low
contribution
Mostly high contribution External rotator (80%)
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Figure 6-10: The percentage difference of the relative activity between female groups during 
internal-external rotation task (1ERT).
(A) Scapular positioning muscle group, (B) Humeral head centring group and (C) Deltoid
Result: EMG — Muscle Activation 157
Subacromial Impingement Syndrome (2012)
6.1.7.1 Scapular Positioning in Female Patients Compared to 
Controls
The relatively high activity was increased in patients by 4% in phase 1 and 1% in 
phase 2, the relatively moderate activity was reduced in phase 1 by 10% and 6% in 
phase 2, and the relatively low activity increased in phase 1 by 6% and phase 2 by 
4%. [Figure 6 - 10A]. Major changes in relative muscle activity were detected in LT 
and SA only. LT showed reduced activity in second half of internal rotation, while 
SA demonstrated high activity in the last 70% of internal rotation. Other muscles as 
LS and RM showed slight difference with short compensatory effect. UT of patients 
was a mirror image to that of controls during internal rotation, but with external 
rotation there was minor reduction probably due to timing shift to left [Figure 6-9].
6.1.7.2 Humeral Head Centring in Female Patients Compared to 
Controls
The relatively high activity decreased and increased by 2% in phase 1 and phase 2, 
respectively; the relatively moderate activity increased by 3% in phase 1 only, and 
the relatively low activity decreased by 1% and 2% in phase 1 and 2, respectively 
[Figure 6 - 10B]. The important changes in the HHC group were observed in SUBS 
and BB. SUBS showed higher activity than that of controls in the first half of both 
internal and external rotation but to a lower level in the second half of internal 
rotation. BB started with lower activity and finished the first phase with higher 
activity than in controls. TM and ISP appeared as mirror images to those in controls 
during internal rotation and first half of external rotation. Later, TM showed 
increased activity while ISP showed fluctuated activity different from controls. 
Though it showed evidence of strong mirror image during external rotation when the 
activity was low, PM also reflected similar high activity to controls during internal 
rotation except in the first interval of that phase. This finding was probably due to 
delay in onset of activity. Other muscles demonstrated mirror imaging through both 
phases to a large extent [Figure 6-9].
6.1.7.3 Relative Muscle Activity Alterations in Deltoid of Female 
Patients
The relatively high activity decreased by 2% and 7% in phase 1 and 2,respectively; 
the relatively moderate activity increased by 10% in both phases, and the relatively 
low activity decreased by 8% and 3% in phase 1 and 2, respectively [Figure 6 - IOC],
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No major changes were observed in AD and MD, while PD showed obvious changes 
in both phases. The activity was increased in the second half of internal rotation 
while it decreased in the second half of external rotation [Figure 6-9].
6.1.8 Relative Muscle Activation Map in Male Controls and 
Patients (Qualitative Assessment)
Activity key High Moderate Low Shelf-contact
Figure 6-11: Qualitative assessment of muscle activation patterns in male groups during internal-
external rotation task (IERT).
The relatively high activity included the highest 5 values, the relatively low activity included the 
lowest 5 values, and the relatively moderate activity included the remaining 5 values of mean 
amplitude % at every 5% interval of the time domain (for shelf-contact duration see Table 6—13).
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The following table describes the individual muscle activation pattern of male 
controls during both phases of IERT, based on the relative activity of muscles in 
Figure 6-11.
I able 6-7: Qualitative description of the ranked muscles of male controls during internal-external
rotation task (IERT).
Muscles Phase 1 (IR) Phase 2 (ER) Remarks
LS Moderate activity in
first half, high about 
mid-phase and 
increased from low to 
high in second half.
Mostly moderate activity 
in first half, high about 
mid-phase, and fluctuated 
(moderate-low-moderate) 
activity in second phase.
Moderate to high activity with 
shoulder elevation to move over the 
bridge in both phases
UT
c
c
Mostly high activity in
first half, and complete 
low activity in second 
half
Mostly high activity in 
first half and fluctuated 
(low-moderate-low) in 
second half
High activity in first half of both IR 
and ER related to shoulder eleva­
tion (Proportional level of activity 
as compared with LS).
:i LT*c7iO
CL
Urn
-2D
Mostly moderate
activity in first half, 
low about mid-range, 
and mostly high to end
Mostly high activity in 
first half and fluctuated 
(moderate-low) in second 
half
With IR, the eccentric control 
increased and only dropped when 
the arm about neutral position. It 
showed balancing pattern with UT
S SA
t/D
Mostly moderate
activity through the 
phase with short high 
activity in each half
Mostly low activity in first 
half and high in second 
half
Moderate to high activity with IR 
allowed scapular protraction. The 
moderate to high activity with ER 
allowed scapular ER and control 
retraction
RM A start of low activity
then fluctuate between 
moderate and high to 
the end
Moderate to high in first 
half and mostly moderate 
in second half
A moderately active medial 
stabilizer of scapula during IR with 
eccentric control. Concentric 
control during ER
LD Fluctuated activity in
first half, but mostly 
high in second half
Fluctuated activity in first 
half and mostly low in 
second half
Internal Rotator (60%) after passing 
the bridge (mid-range). Mostly low 
activity with ER
TM Mostly low activity in
first half and moderate 
in second half
High activity about mid­
phase , then moderate and 
high at end
Moderately active with late IR, but 
also highly active in early ER 
(eccentric/extension element)
£J PM
'£c
Mostly high activity to
end
Mostly low activity 
through the phase
Internal Rotator (70%). Mostly low 
activity through ER
o BBT3
C3u
Mostly high activity in
first half and low 
activity in the second
Similar pattern to phase 1 The high activity in early both 
phases matched the elbow flexion 
to move the hand over the bridge
s SSP<u
E3
X
Early high activity,
mid-phase moderate 
and late low activity
Exactly opposite to activity 
order in phase 1 (low, 
moderate and finally high)
External rotator in late range. The 
early high activity with IR reflected 
abduction and eccentric response
ISP Low activity in first
half and moderate in 
the second half
Mostly high active A highly active external rotator 
(80%), with moderate eccentric 
activity with late IR for stability
SUBS Mostly low activity in
first half and high in 
second half
Mostly low activity in first 
half and moderate in 
second half
Next to PM, acting as an internal 
rotator in this group
AD
rs
Mostly high activity
through the phase
Low activity in first half 
and mostly high in second 
half
The most active internal rotator 
(70%) in this group, similar to PM 
in previous group
~ MD<D
Q
Early high activity then
mostly moderate to end
High activity in second 
half
High activity with initial IR and late 
ER.
PD Predominant low
activity
Fluctuated activity (high- 
low-moderate)
Participating in external rotation
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Figure 6-12: The percentage difference of the relative activity between male groups during internal-
external rotation task (IERT).
(A) Scapular positioning muscle group, (B) Humeral head centring group and (C) Deltoid
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6.1.8.1 Scapular Positioning in Male Patients
The relatively high activity was increased in patients by 3% in phase 2, the relatively 
moderate activity was reduced by 3% in phase 1 and 4% in phase 2, and the 
relatively low activity increased in phase 1 by 3% and phase 2 by 1%. [Figure 6 - 
12A]. Generally, there were no major changes when comparing the pattern based on 
the relative activity of muscles comprising the SP group during IERT. The muscles 
reflected very similar pattern except for few changes in SA and RM. In patients, SA 
showed increased activity with later internal rotation and decreased activity with 
external rotation, while RM showed decreased activity in both rotations [Figure 6 - 
11].
6.1.8.2 Humeral Head Centring in Male Patients
The relatively high activity decreased by 1% in phase 1 and reduced by 2% in phase 
2, the relatively moderate activity decreased by 1% in phase 1 and increased by 1% 
in phase 2, and the relatively low activity increased by 1% in phase 2 [Figure 6 - 
12B]. In the FIHC group of patients, all incorporated muscles had mirror image to the 
controls and the altered muscle was the SUBS. SUBS showed decreased activity in 
the second half of both internal and external rotations [Figure 6 - 11].
6.1.8.3 Deltoid Activity Alterations in Male Patients
The relatively high activity decreased by 2% only in phase 1, the relatively moderate 
activity increased by 7% in phase 1 and 3% in phase 2, and the relatively low 
activity decreased by 5% and 3% in phase 1 and 2, respectively [Figure 6 - 12C]. 
Finally, the deltoid components revealed no pattern difference in AD, while MD had 
reduced activity in both phases and PD had reduced activity only in phase 2 of IERT 
[Figure 6-11].
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6.2 Waist-Up Task
The WUT was designed to test loaded forward elevation and lowering (concentric 
and eccentric) activity between a lower shelf placed at the waist level and a higher 
shelf placed 25 cm above the lower shelf. The test was performed as previously 
described in methods chapter (chapter 3 - Material and Methods: section 3.6.8.3). 
The WUT tested the mobility of shoulder within a range lower than the range of 
painful arc in patients with SIS. Therefore, the majority of patients were able to 
perform the task with minimal or no pain. The following results were reported from 
10 averaged mid- cycles during the task.
Figure 6-13: Waist-up task (WUT).
It involves moving a load of 1 kg between a lower shelf placed at the waist level and a higher shelf 25 
cm above the waist level. A cycle composed of two phases. Phase (1) included contact lower shelf 
and moving upwards within one second. Phase (2) included contact higher shelf and moving 
downwards back to the start point on the lower shelf within another second.
6.2.1 Cycle Duration
The average duration of 10 cycles was determined as the time length of shelf-contact 
and off-shelf time during arm elevation (phase 1) and arm lowering (phase2) of the 
WUT. Table 6 - 1 presents and compares the percentage of shelf-contact and off 
shelf time in each phase for both female and male groups.
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Table 6-8: Comparing the time % of the phase components (shelf-contact and off-shelf) within 
female (subacromial impingement syndrome (SIS) patients, n=16; controls, n=13) and male (SIS 
patients, n=T7; controls, n=20) subjects during waist-up task (WUT), Boldp values are less than 0.05.
Phase (1) Arm elevation Phase (2) Arm lowering
Group WUT SIS
Patients Controls n value
SIS
Patients Controls
Mean SD Mean SD Mean SD Mean SD
Female
Shelf-Contact 12.5 5.7 7.4 2.7 0.01 12.2 5.5 7.3 2.2 0.01
Off-Shelf 37.5 5.5 42.5 2.5 0.01 37.8 5.6 42.9 2.4 0.01
Male
Shelf-Contact 10.2 3.7 11.9 4.6 0.38 11.5 3.8 12.3 5.12 0.34
Off-Shelf 38.8 3.9 37.8 4.4 0.48 39.6 3.8 38.1 5.4 0.34
In relation to the female groups, the mean duration of shelf-contact was significantly 
higher while the off-shelf was significantly lower in SIS patients compared to the 
controls in both phases (/?<0.01). Concerning the male groups, there was no 
significant difference between shelf-contact and off-shelf duration, however, there 
was a trend towards lower shelf-contact and longer off-shelf duration in patients for 
both phases. These findings were in contrast to those reported in female groups.
6.2.2 Mean Amplitude
The normalized mean amplitude of phase 1 and phase 2 was used to perform intra­
group and inter-group comparisons during the WUT [Table 6-10 and Table 6-9]
In female patients and controls, intra-group comparisons of phase 1 and phase 2 
mean amplitude %, revealed a significant differences for all muscles [Table 6 — 9].
In male groups, a matched highly significant difference was found for all muscles 
except the PD [Table 6-9].
Inter-groups differences for each phase were only significant between female groups 
for SSP in phase 1 and ISP in phase 2 [Table 6-10].
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Table 6-9: Normalized mean amplitude (%) comparison between phase 1 and phase 2 in female 
(subacromial impingement syndrome (SIS) patients=16, controls=13) and male (SIS patients= 18, 
controls=19) subjects during waist-up task (WUT). Bold p values are less than 0.05.
SIS Patients Controls
Muscle
Groups Muscle Phase 1 Phase 2 n Phase 1 Phase 2
Mean SD Mean SD value Mean SD Mean SD
y
value
Female Group
LS 109.1 7.8 91.2 7.8 0.00 112.3 5.9 88.1 7.0 0.00
.2 UT 108.2 6.4 92.3 7.1 0.00 112.0 3.4 88.2 5.7 0.00
a.S3CJ LT 109.0 4.7 91.6 4.9 0.00 109.3 6.2 90.3 7.5 0.00
C/2
SA 114.6 12.9 86.5 13.1 0.00 118.1 10.5 81.3 10.3 0.00
RM 123.9 17.2 77.4 17.2 0.00 124.4 11.0 74.5 12.6 0.00
60
C
LD 113.4 12.8 87.1 12.5 0.00 118.0 8.1 82.5 8.9 0.00
hc TM 104.7 5.2 95.7 4.9 0.01 106.0 3.3 93.8 5.1 0.00
U
•a PM 106.4 6.4 94.8 6.8 0.01 107.5 3.9 92.8 4.2 0.00
3
X BB 106.0 4.2 95.0 4.5 0.00 108.3 6.1 91.3 7.9 0.00
2<u SSP 106.5 5.7 94.0 5.8 0.00 107.8 3.5 91.9 4.4 0.00
B3
X
ISP 104.2 4.5 96.8 4.9 0.01 106.8 4.5 92.2 6.0 0.00
SUBS 116.7 9.8 84.3 9.9 0.00 109.0 8.3 90.8 7.3 0.00
•3 AD 107.2 5.4 94.2 5.5 0.00 110.5 4.5 89.3 4.5 0.00
13
Q
MD 103.5 5.4 96.8 5.0 0.02 104.1 5.3 96.3 6.3 0.04
PD 110.7 11.4 88.5 11.8 0.00 110.3 10.5 89.5 11.0 0.01
Male Group
LS 104.9 5.7 96.1 6.2 0.00 106.3 8.3 94.5 8.4 0.01
U.
-2 UT 104.0 6.4 96.6 6.6 0.01 106.6 6.7 93.4 6.7 0.00
a.cd LT 106.9 5.3 93.6 5.1 0.00 105.6 5.9 94.3 6.5 0.00
C/3
SA 111.9 10.3 88.9 10.9 0.00 111.5 12.0 88.7 12.0 0.00
RM 119.8 20.9 81.5 21.7 0.00 121.5 14.3 78.9 14.0 0.00
OD LD 111.8 8.9 89.1 8.7 0.00 110.7 9.2 89.8 9.6 0.00
hc TM 103.4 3.9 97.0 4.1 0.00 104.4 4.5 95.6 4.3 0.00
CJ
■s<u
X
PM 106.4 5.7 94.8 5.1 0.00 104.5 7.1 96.5 7.3 0.01
BB 107.5 7.1 93.6 7.9 0.00 108.1 10.4 92.5 10.6 0.00
2<u SSP 106.6 5.9 94.5 6.4 0.00 105.3 6.3 95.1 6.5 0.00
E3
X
ISP 105.4 9.0 96.2 10.3 0.00 106.1 6.7 94.7 6.9 0.00
SUBS 110.7 8.8 90.0 8.9 0.00 109.2 12.8 91.7 13.8 0.01
AD 108.4 6.5 92.8 6.1 0.00 104.3 7.1 96.7 7.3 0.02
Q MD 103.9 9.1 95.9 8.1 0.10 103.6 5.6 96.7 5.2 0.03
PD 106.2 10.2 94.1 10.0 0.01 103.3 8.2 96.9 8.9 0.08
Result: EMG - Muscle Activation 165
Subacromial Impingement Syndrome (2012)
Table 6-10: Normalized mean amplitude (%) comparison within female (subacromial impingement 
syndrome (SIS) patients=16, controls^lS) and male (SIS patients = 18, controls =19) subjects during 
phases 1 and 2 of the waist-up task (WUT). Bold p values are less than 0.05.
Phase 1 Mean Amnlitude% Phase 2 Mean Amplitude%
Muscle
Groups Muscle
SIS Patients Control
p value
SIS Patients Control
p value
Mean SD Mean SD Mean SD Mean SD
Female Group
LS 114.6 12.9 118.1 10.5 0.38 86.5 13.1 81.3 10.3 0.22
Urn
03 UT 123.9 17.2 124.4 11.0 0.83 77.4 17.2 74.5 12.6 0.73
3
Cl
CJ
LT 113.4 12.8 118.0 8.1 0.09 87.1 12.5 82.5 8.9 0.08
CZ)
SA 106.0 4.2 108.3 6.1 0.27 95.0 4.5 91.3 7.9 0.24
RM 110.7 11.4 110.3 10.5 0.96 88.5 11.8 89.5 11.0 0.89
Mc
LD 104.7 5.2 106.0 3.3 0.29 95.7 4.9 93.8 5.1 0.29
TM 106.4 6.4 107.5 3.9 0.69 94.8 6.8 92.8 4.2 0.33
§
u PM 106.5 5.7 107.8 3.5 0.22 94.0 5.8 91.9 4.4 0.15
cd BB 104.2 4.5 106.8 4.5 0.12 96.8 4.9 92.2 6.0 0.07
SSP 116.7 9.8 109.0 8.3 0.04 84.3 9.9 90.8 7.3 0.08
<u
E ISP 107.2 5.4 110.5 4.5 0.16 94.2 5.5 89.3 4.5 0.04
X SUBS 103.5 5.4 104.2 5.3 0.61 96.8 5.0 96.3 6.3 0.64
AD 109.1 7.8 112.3 5.9 0.33 91.2 7.8 88.1 7.0 0.43
o
MD 108.2 6.4 112.0 3.4 0.10 92.3 7.1 88.2 5.7 0.11
UJ
PD 109.0 4.7 109.3 6.2 0.76 91.6 4.9 90.3 7.5 0.84
Male Group
LS 111.9 10.3 111.5 12.0 0.87 88.9 10.9 88.7 12.0 0.93
L. UT 119.8 20.9 121.5 14.3 0.96 81.5 21.7 78.9 14.0 0.93
3a.cdo LT 111.8 8.9 110.7 9.2 0.63 89.1 8.7 89.8 9.6 0.63oo
SA 107.5 7.1 108.1 10.4 0.87 93.6 7.9 92.5 10.6 0.96
RM 106.2 10.2 103.3 8.2 0.78 94.1 10.0 96.9 8.9 0.80
M LD 103.4 3.9 104.4 4.5 0.34 97.0 4.1 95.6 4.3 0.26G
•cc TM 106.4 5.7 104.5 7.1 0.48 94.8 5.1 96.5 7.3 0.74<U
CJ
-a PM 106.6 5.9 105.3 6.3 0.34 94.5 6.4 95.1 6.5 0.65w<u
X BB 105.4 9.0 106.1 6.7 0.80 96.2 10.3 94.7 6.9 0.84
2<L> SSP 110.7 8.8 109.2 12.8 0.84 90.0 8.9 91.7 13.8 0.67
B
3
X
ISP 108.4 6.5 104.3 7.1 0.09 92.8 6.1 96.7 7.3 0.14
SUBS 103.9 9.1 103.6 5.6 0.82 95.9 8.1 96.7 5.2 0.96
)e
lto
id AD 104.9 5.7 106.3 8.3 0.78 96.1 6.2 94.5 8.4 0.74
MD 104.0 6.4 106.6 6.7 0.35 96.6 6.6 93.4 6.7 0.26
PD 106.9 5.3 105.6 5.9 0.57 93.6 5.1 94.3 6.5 0.91
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6.2.3 Muscle Activation Patterns during Waist-Up Task
EMG recordings during dynamic standardised movements of arm elevation and 
lowering task in healthy subjects and patients allowed the identification of patterns 
of muscle activity. The pattern was evident in an averaged curve ‘ensemble curve’ 
obtained from 10 cycles, which was time normalized (time %) and the magnitude 
was normalized to mean amplitude of each phase (mean amplitude %).
The normalized time % scale was further divided to 5% intervals and the normalized 
amplitude was averaged for each interval to obtain 20 mean normalized amplitude 
values (i.e. reducing 100 data points to 20 data points) (Chapter 3 - Material and 
methods: section 3.6.12). Finally, 20 values of mean amplitude % were available for 
the following comparisons: (1) muscle activation patterns for muscle groups, (2) 
muscle activation of individual muscles within muscle groups, and (3) qualitative 
comparisons of the ranked individual muscles at every 5% interval.
6.2.4 Muscle Activation Patterns for Muscle Groups during 
Waist-Up Task
6.2.4,1 Patterns of Muscle Groups in Female Participants 
In female controls, the SP muscle group was the primary contributor to the arm 
elevation, which was then immediately followed by the deltoid group. As the hand 
left the lower shelf and moved upwards, all groups increased their activity together 
with the deltoid that was leading the activity followed by the HHC group and then 
lastly the SP group. From the mid-phase of elevation, after a short plateau, the three 
groups fired up more in the same order of the very beginning to reach a peak at mid­
point of 40% interval, and then declined as the arm approached the higher shelf. 
During contact with the higher shelf, both SP and HHC groups showed brief plateau 
prior to a sharp decline. In early phase 2 and initial lowering of the arm, the HHC 
group led the movement, followed by the deltoid then SP groups. This order was 
maintained until the end of phase 2. Finally, the three groups showed a second peak 
in late phase 2 at the mid-point of 85% interval [Figure 6 - 14].
In female patients, the muscle activity of all muscle groups was lower than in 
controls at the start of the cycle with the SP group showing the lowest activity 
(p<0.05). During early arm elevation, SP group showed steep increase in activity 
and led the groups until the peak at mid-point of 45% interval. HHC and deltoid 
groups showed concomitant increase and repeated inter-change in level until the
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peak point. The peak was higher in controls showing a significant difference for 
HHC group (p=0.02, at 45% interval). Early in phase 2, the muscle groups in 
patients showed a higher level of activity than controls, particularly for the SP and 
deltoid groups (p<0.05, at 65% interval). Although there was a greater decline for 
the SP group during late phase 2, the activity pattern was similar in patients and 
controls. Time delay was observed for all muscle groups in patients [Figure 6-17 
and Figure 6-21].
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Figure 6-14: Activation patterns of shoulder muscle groups during waist-up task (WUT).
The scapular positioning, (LS, UT, LT, SA and RM), humeral head centring (LD, TM, PM, BB, SSP, 
ISP and SUBS) and deltoid (AD, MD and PD) groups in female controls (left) and female
impingement patients (right).
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(A) Pooled scapular positioning muscles of 
female controls vs. female patients
(B) Pooled humeral head centring muscles of 
female controls vs. female patients.
(C) Deltoid muscle of female controls vs. 
female patients.
Time (%)
■ FPD
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
idi 0.03 0.14 0.76 0.46 0.79 0.66 0.51 0.41 0.43 0.17 0.36 0.15 0.02 0.11 0.73 0.31 0.06 0.69 0.73 0.86
(B) 0.38 0.27 0.06 0.01 0.43 0.27 0.11 0.90 0.02 0.03 0.63 0.20 0.09 0.31 0.48 0.08 0.11 0.93 0.35 0.29
0.81 0.11 0.51 0.34 0.22 0.36 0.29 0.13 0.57 0.11 0.63 0.07 0.04 0.04 0.41 0.28 0.32 0.93 0.46 0.25
Figure 6-15: Comparing muscle groups between female controls (FC-) and patients (FP-) during
waist-up task (WUT).
The statistical difference {p values) at every 5% interval of (A) Scapular Positioning, (B) Humeral 
head centring, and (C) Deltoid muscle. Bold values are statistically significant (/?<0.05).
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6.2.4.2 Activation Patterns of Muscle Groups in Male Participants
In male controls, the start point of the deltoid was in advance of the other two; but 
as soon as the ann attempted to move upwards, the SP group shot up leading the 
other two groups. It was followed by the deltoid and HHC group. Interestingly, 
simultaneous acute rise of both SP and HHC groups was observed with initial arm 
elevation. It was also interesting to see two peaks in phase 1. SP and HHC groups 
reached the first peak simultaneously at 25% interval, while the deltoid peak 
appeared at a lower level. The second peak (mid-point of 45% interval) was highest 
for SP group, followed by the deltoid and HHC groups [Figure 6 - 16].
Male Controls Male Patients
WUT
Scapular Stabilizers 
Deltoid
HH Centring
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Figure 6-16: Activation pattern of shoulder muscle groups during waist-up task (WUT).
The scapular positioning, (LS, UT, LT, SA and RM), humeral head centring (LD, TM, PM, BB, SSP, 
ISP and SUBS) and deltoid (AD, MD and PD) groups in male controls (left) and male impingement
patients (right).
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WUT
1 45
-5Q~ MPSPGMCSPG - Mean
WUT
MCSPG Mean
WUT
MCSPG MPSPG Mean
(A) Pooled scapular positioning muscles of 
male controls vs. male patients.
Time (%)
MCSPG MPSPG
(B) Pooled humeral head centring muscles 
of male controls vs. male patients.
Time (%)
MCSPG MPSPG
(C) Deltoid muscle of male controls vs. male 
patients.
Time (%)
MCD
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(A) 0.27 0.24 0.13 0.23 0.15 0.46 0.87 0.90 0.61 0.50 0.17 0.08 0.39 0.46 0.78 0.55 0.30 0.04 0.98 0.20
(B) 0.08 0.19 0.56 0.15 0.26 0.37 0.92 0.99 0.79 0.83 0.14 0.04 0.24 0.30 0.55 0.41 0.18 0.01 0.26 0.26
IQ 0.29 0.27 0.76 0.33 0.27 0.31 0.90 0.80 0.33 0.48 0.08 0.02 0.13 0.23 0.72 0.78 0.92 0.53 0.58 0.27
Figure 6-17: Comparing muscle groups between male controls (MC-) and patients (MP-) during
waist-up task (WUT).
The statistical difTerence (p values) at every 5% interval of (A) Scapular Positioning, (B) Humeral 
head centring, and (C) Deltoid muscle. Bold values are statistically significant ()?<0.05).
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With the hand landing on the higher shelf, the activation of muscle groups declined 
almost in parallel with the SP and HHC groups showing a plateau activity during the 
contact. An additional interesting finding was the behaviour of the deltoid and HHC 
groups within the 60 -75% interval. The flat pattern of the deltoid in male controls 
suggested that the arm was not lowered as much as the case in female controls 
[Figure 6—14 and Figure 6 - 16], and rather maintained a relatively lower level on 
its way to approach the lower shelf. The third peak (in phase 2) was lower than the 
first two peaks (mid-point of 85% interval) with HHC group leading the movement 
followed by the deltoid and then the SP group.
In male patients, phase 1 started with higher level of muscle activity in the SP and 
HHC group compared to the controls, the deltoid showed a similar pattern in both 
patient and control groups. SP group showed steep increase in the activity with 
concomitant delayed and lower activity in HHC and deltoid groups. All achieved 
their first peak at mid-point of 25% interval similar to controls, however at a lower 
level. The second peak (mid-point of 45% interval) showed similar position and 
order of muscles [Figure 6-16 and Figure 6 - 15]. During higher shelf-contact, the 
pattern was similar to controls but at a higher level of activity and significantly 
different for HHC and deltoid groups (p<0.05, at 60% interval). During arm 
lowering, all groups showed steep decline to a lower level than that in controls. The 
last peak was a sharp decline in muscle activity to a lower level than that of controls 
with significant difference for SP and HHC groups (p<0.05, at 90% interval).
6.2.5 Muscle Activation Patterns for Individual Shoulder Muscles 
within Muscle Groups during Waist-Up Task
The results of activation patterns for muscle groups indicated greater differences in 
female groups (early, mid-, or late intervals of both phases) compared to limited 
differences in male groups (early and late intervals of phase 2). Further supportive 
details were obtained from comparisons of individual muscle activation patterns 
contributing to each muscle group between female [Figure 6-18 and Table 6-11] 
and male participants [Figure 6-19 and Table 6 - 12].
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Subacromial Impingement Syndrome (2012)
6.2.5.1 Activation Patterns of Individual Muscles in Female 
Participants
pq 1trr lWUT
'Tina* <•*«»)
Figure 6-18: Comparison of averaged activation curves between female controls (FC, blue lines) and 
patients (FP, red lines) during waist-up task (WUT).
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Table 6-11: Activation pattern differences in individual shoulder muscles within muscle groups as 
compared between female patients and controls during waist-up task.
Bold blue p-values indicate significant difference with lower contribution in patients, while bold red 
p-values indicate higher contribution in patients.
Phase (1) Arm elevation Phase (2) Arm lowering
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
&0 LS 0.05 0.03 0.48 0.78 0.69 0.93 0.90 0.66 0.90 0.12 0.60 0.02 0.00 0.01 0.24 0.40 0.73 0.69 0.90 0.76
Sc UT 0.02 0.02 0.69 0.73 0.60 0.31 0.39 0.90 0.14 0.09 0.60 0.20 0.05 0.69 0.79 0.69 1.00 0.48 0.40 0.90
l-B
3 'cn
LT 0.05 0.66 0.63 0.93 0.63 0.76 0.10 0.03 0.43 0.48 0.12 0.69 0.16 0.03 0.12 0.38 0.09 1.00 0.93 0.73
on o SA 0.48 0.63 0.06 0.04 0.40 0.97 0.69 0.93 0.31 0.32 0.73 0.02 0.08 0.65 0.90 0.16 0.43 0.42 0.04 0.36
RM 0.09 0.88 0.28 0.84 0.93 0.79 0.43 0.40 0.79 0.54 0.17 0.47 0.04 0.11 0.62 0.21 0.01 0.17 0.93 0.98
LD 0.09 0.12 0.38 0.05 0.19 0.46 0.40 0.05 0.43 0.93 0.60 0.60 0.09 0.48 0.43 0.07 0.63 0.79 0.66 0.17
TM 0.40 0.38 0.10 0.26 0.93 0.07 0.14 0.76 0.83 0.76 0.10 1.00 0.25 0.19 0.51 0.06 0.86 0.42 0.19 0.24
PM 0.17 0.76 0.12 0.02 0.29 0.98 0.69 0.90 0.07 0.12 0.60 0.05 0.10 0 69 0.24 0.48 0.20 1.00 0.10 0.48
2 £ u c BB 0.03 0.00 0.01 0.09 0.36 0.01 0.33 0.90 0.05 0.07 0.46 0.19 0.40 0.43 0.03 0.09 0.46 0.36 0.14 0.40
E 83 SSP 0.12 0.40 0.10 0.15 0.31 0.73 0.86 0.90 0.05 0.01 0.83 0.01 0.08 0 86 0.07 0.00 0.00 0.05 0.24 0.31X ISP 0.16 0.38 0.03 0.01 0.05 0.51 0.29 0.73 0.01 0.09 0.36 0.10 0.04 0.36 0 90 0.19 0.51 0.29 0.09 0.15
sub: 0.43 0.62 0.28 0.05 0.21 0.26 0.75 0.93 0.62 0.19 0.34 0.21 0.43 0.28 0.54 0.02 0.14 0.37 0.93 0.79
rs AD 0.17 0.93 0.97 0.22 0.02 0.03 0.19 0.86 0.05 0.03 0.79 0.01 0.17 0.19 0.63 0.01 0.01 0.54 0.17 0.20
ij MD 0.66 0.12 0.17 0.17 0.43 0.63 0.37 0.11 0.57 0.08 0.24 0.10 0.03 0.07 0 79 0.27 0.90 0.76 0.83 0.57
a PD 0.66 0.27 0.40 0.29 0.73 0.43 0.66 0.86 0.86 0.06 0.36 0.48 0.16 0.04 0.40 0.93 0.73 0.76 0.66 0.29
In female patients, LS, UT, LT and BB showed significant decrease of activity at 
5%-10% intervals, as the loaded hand was in contact with the lower shelf and the 
shoulder muscles were in preparation to initiate arm elevation. When the hand 
moved upwards (20%-25% intervals), significant decrease in activity of LD, PM, 
ISP, SUB, SA and AD was observed. Furthermore, significant decrease in muscle 
activity of patients was noted for BB, SSP, ISP and AD as the arm was approaching 
the end of phase 1 (45%-50% intervals).
In contrast to phase 1, all muscles of the SP group, PM, SSP and ISP of the HHC 
group and all deltoid components showed significant increased activity when the 
loaded hand attempted to leave the higher shelf and move downwards (60%-70% 
intervals). Further significant decrease in patients’ muscle activity was evident for 
the RM, SSP, SUBS and AD at 80%-85% intervals when the arm was elevating and 
the elbow extending so that the hand could approach the start point. A substantial 
major decrease in activity appeared to a great extent in BB followed by ISP and AD 
in phase 1 and SSP in phase 2.
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6.2.5.2 Patterns of Individual Muscle in Male Participants
MC CWUT
Time %
Figure 6-19: Comparison of averaged activation curves between male controls (MC, blue lines) and 
male patients (MP, red lines) during waist-up task (WUT).
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Table 6-12: Activation pattern differences in individual shoulder muscles within muscle groups as 
compared between male patients and controls during waist-up task (WUT).
Bold blue p-values indicate significant difference with lower contribution in patients, while bold red - 
values indicate higher contribution in patients.
Phase (1) WUT - Arm elevation Phase (2) WUT Arm lowering
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
ej) LS 0.92 0.76 0.11 0.90 0.09 0.74 0.34 0.47 0.78 0.57 0.05 0.19 0.92 0.94 0.83 0.60 0.17 0.83 0.63 0.80
i§ c UT 0.59 0.44 0.26 0.20 0.04 0.55 0.97 0.31 0.59 0.33 0.12 0.07 0.80 0.69 0.55 0.63 0.78 0.51 0.72 0.59
Q. o LT 0.19 0.34 0.40 0.06 0.39 0.34 0.57 0.87 0.92 0.17 0.63 0.25 0.36 0.39 0.80 0.92 0.55 0.01 0.31 0.05
CO o
Q.
SA 0.09 0.13 0.63 0.09 0.06 0.11 0.69 0.92 0.98 0.99 0.24 0.06 0.36 0.90 0.83 0.23 0.08 0.13 0.92 0.31
RM 0.92 0.33 0.17 0.95 0.97 0.38 0.36 0.14 0.52 0.70 0.87 0.53 0.80 0.53 0.51 0.41 0.87 0.27 0.72 0.11
LD 0.67 0.83 0.47 0.07 0.08 0.29 0.83 0.44 0.74 0.33 0.29 0.14 0.07 0.92 0.67 0.33 0.76 0.08 0.13 0.41
1? TM 0.23 0.17 0.12 0.37 0.17 0.25 0.80 0.63 0.67 0.67 0.53 0.04 0.03 0.34 0.30 0.07 0.02 0.05 0.72 0.19
J= toc PM 0.29 0.12 0.76 0.11 0.72 0.97 0.99 0.49 0.18 0.29 0.09 0.09 0.94 0.63 0.65 0.55 0.12 0.07 0.65 0.30
ed
<L>
is
c BB 0.36 0.10 0.47 0.12 0.20 0.61 0.90 0.99 0.80 0.78 0.27 0.07 0.04 0.33 0.31 0.74 0.61 0.02 0.21 0.80
fc
3
o SSP 0.51 0.51 0.90 0.17 0.31 0.63 0.83 0.37 0.94 0.90 0.06 0.11 0.65 0.59 0.79 0.90 0.92 0.42 0.94 0.76
X ISP 0.57 0.55 0.03 0.47 0.83 0.53 0.80 0.76 0.51 0.49 0.94 0.13 0.36 0.19 0.42 0.13 0.76 0.26 0.90 0.65
sub: 0.02 0.80 0.90 0.97 0.87 0.29 0.39 0.38 0.82 0.33 0.05 0.61 0.05 0.61 0.78 0.87 0.36 0.08 0.78 0.15
AD 0.69 0.41 0.80 0.30 0.99 0.87 0.90 0.69 0.55 0.25 0.13 0.07 0.63 0.90 0.53 0.37 0.97 0.08 0.47 0.55
MD 0.51 0.28 0.80 0.19 0.13 0.07 0.87 0.61 0.80 0.46 0.08 0.02 0.24 0.18 0.53 0.97 0.51 0.39 0.74 0.09a PD 0.63 0.59 0.67 0.44 0.13 0.52 0.17 0.01 0.02 0.01 0.11 0.12 0.25 0.25 0.02 0.59 0.97 0.80 0.85 0.08
The activation pattern of individual muscles revealed only limited alterations in male 
patients during WU I when compared to controls. PD was the only muscle that 
showed a pattern of significant increase in activity within the last three intervals of 
phase 1. During phase 2 few significant changes in muscle activity were observed in 
early and late intervals which were in line with significant changes in male muscle 
groups described earlier in section 6.2.4.2 [Figure 6 - 17]. LS, TM, BB, SUBS and 
MD showed increased activity at 55%-65% intervals, while the activity of LT, TM 
and BB decreased significantly at 85%-90% interval.
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6.3 Eye-Down Task
The EDT tested the dynamic activity of the shoulder during a loaded forward arm 
elevation and lowering to move 1 kg of weight between a shelf at the eye level and a 
lower shelf located 25 cm below [Figure 6 - 20]. The arm was elevated to reach 70° 
to 100° of combined flexion and abduction of the shoulder (about the first half of the 
range of the painful arc in patients with SIS). The arm tested in patients was the 
affected arm and either the dominant or non-dominant arm of the healthy subjects. 
1 he task was repeated for 60 seconds and 10 mid-cycles were used for the analysis.
Figure 6 - 20: Eye-down task
It involves moving a load of 1 kg between a shelf placed at the eye level 
25cm. below. A full cycle composed of two phases: Phase (1) included 
moving toward higher shelf; Phase (2) included contact higher shelf and
point on the lower shelf.
and a lower shelf placed 
contact lower shelf and 
moving back to the start
6.3.1 Cycle Duration
The average duration of 10 cycles was divided into the duration of shelf-contact and 
off-shelf time during arm elevation (phasel) and arm lowering (phase2) of the EDT. 
The percentage of shelf-contact and off-shelf in each phase was calculated from the 
averaged cycle duration and presented for comparisons in Table 6-13.
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Table 6-13: Comparing the time Percentage of the phase components (shelf-contact and off-shelf) 
within female (subacromial impingement syndrome (SIS) patients, n=13; controls, n=13) and male 
(SIS patients, m=16; controls, n=20) subjects during eye-down task (EDT). Bold p values are
statistically significant (p<0.05).
Phase (1) Arm elevation Phase (2) Arm lowering
Group EDT SIS
Patients Controls P
SIS
Patients Controls P
Mean SD Mean
value
SD Mean SD Mean
value
SD
Female
Shelf-Contact 12.0 3.0 6.0 3.4 0.00 12.9 3.2 7.0 3.7 0.00
Off-Shelf 38.6 3.1 44,4 3.6 0.00 36.6 3.6 42.6 3.9 0.00
Shelf-Contact 9.8 4.6 11.5 6.2 0.45 10.6 4.5 11.1 5.4 0.88
Male
Off-Shelf 40.4 4.9 39.2 5.2 0.63 39.1 4.4 38.2 6.4 0.69
In the female groups, the mean time (%) of shelf-contact was significantly higher in 
both phases but significantly lower in off-shelf in both phases in female patients 
when compared to control subjects. Although the comparisons in male groups 
showed no significant difference, the opposite trend to that reported in female groups 
was evident in both phases of EDT.
6.3.2 Mean Amplitude
The normalized mean amplitude of phase 1 and phase 2 was used to perform intra­
group and inter-group comparisons during the EDT [Table 6-14 and Table 6-15]. 
In female patients and controls, intra-group comparisons of phase 1 and phase 2 
mean amplitude %, revealed a matched highly significant difference for all muscles 
(p<0.05) except for SUBS in patients [Table 6 - 9]. In male groups, a matched 
significant difference was documented for all muscles except for the BB in both 
male patients and controls; and SUBS in patients [Table 6-9]. Inter-groups 
differences for each phase were only significantly different between female groups 
for SSP in phase 1 and ISP in phase 2 [Table 6-10].
6.3.3 Muscle Activation Pattern
EMG recordings during dynamic standardised movements of arm elevation and 
lowering task in healthy subjects and patients allowed the identification of patterns 
of muscle activity for the different muscle groups. In female controls [Figure 6-21], 
the SP group was the leading muscle group with higher contribution as the arm 
elevation progressed that was followed immediately by the HHC group.
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Table 6-14: Normalized mean amplitude (%) comparison between phase 1 and phase 2 in female 
(subacromial impingement syndrome (SIS) patients=13, Controls=13) and male (SIS patients = 16, 
Controls =20) subjects during the eye-down task. Bold p values are statistically significant (/?<0.05).
Muscle
Groups
SIS Patients Controls
Muscle Phase 1 Phase 2
p value
Phase 1 Phase 2
p valueMean SD Mean SD Mean SD Mean SD
Female Group
t 00 
£ .5
LS 112.7 7.8 88.0 6.2 0.00 115.5 6.6 83.8 6.7 0.00
UT 117.5 8.0 83.3 7.4 0.00 117.1 6.5 82.1 6.6 0.00
o-.i
cd .tZ LT 114.2 5.0 85.9 5.5 0.00 118.3 9.2 81.3 9.1 0.00
* a SA 107.6 5.6 93.3 5.4 0.00 110.4 5.2 89.5 5.6 0.00
RM* 112.7 7.3 88.2 6.5 0.00 113.0 9.9 86.8 9.9 0.00
W) LD 105.9 5.1 95.1 5.0 0.01 107.7 3.0 92.1 3.1 0.00
hc TM 108.0 4.4 93.3 4.4 0.00 109.7 5.1 89.3 5.9 0.00
U PM 108.7 5.7 92.1 5.1 0.00 107.9 8.5 92.6 8.1 0.01
cd
V
X
BB 104.4 7.4 96.6 6.8 0.04 106.2 6.6 93.6 6.2 0.01
e SSP 113.5 8.8 87.3 8.1 0.00 110.7 8.8 89.7 8.5 0.00<u
E ISP 111.1 3.5 90.2 3.5 0.00 114.6 7.8 85.3 7.2 0.00
SUBS* 99.9 19.3 90.4 15.6 0.10 108.6 9.5 91.4 9.9 0.02
•a AD 114.5 7.7 86.6 6.9 0.00 118.4 8.3 82.1 7.9 0.00
o
"5 MD 110.6 11.4 90.9 10.9 0.02 118.4 8.8 81.9 8.4 0.00
Q PD 110.6 6.7 90.9 5.7 0.00 115.2 10.2 84.1 9.0 0.00
Male Group
c5 .£
LS 111.1 5.7 89.5 6.4 0.00 111.7 8.2 88.9 7.8 0.00
UT 113.8 8.5 86.5 9.0 0.00 113.0 6.7 87.6 6.6 0.00
D..I
cd ;tS LT 114.8 6.5 85.3 6.7 0.00 113.6 7.6 87.8 6.3 0.00
C/3 OQ. SA 108.4 5.1 91.5 4.5 0.00 108.5 11.6 92.9 10.4 0.00
RM 112.5 9.7 89.3 9.6 0.00 107.2 14.5 93.2 15.2 0.00
00c LD 105.2 4.5 95.1 5.0 0.00 106.8 7.1 94.0 5.6 0.00
fcB TM 107.1 5.4 93.2 5.9 0.00 106.7 7.9 94.6 6.6 0.00
u
T3 PM 107.2 7.9 92.9 8.1 0.01 106.7 8.0 94.0 7.0 0.00cd
X BB 100.6 6.4 99.4 7.3 0.61 103.6 11.8 97.3 9.7 0.22
e SSP 109.8 5.3 90.4 5.7 0.00 111.3 10.0 89.2 6.9 0.00
E3 ISP 108.1 8.5 92.8 9.9 0.01 108.8 8.7 92.4 7.3 0.00
X SUBS 104.6 9.9 95.6 9.9 0.08 109.8 8.9 91.2 7.8 0.00
IS AD 112.2 5.2 88.4 4.5 0.00 114.2 11.3 87.3 9.1 0.00
O"3 MD 110.6 6.4 89.7 6.0 0.00 112.1 13.8 89.6 10.9 0.00Q PD 108.8 5.2 91.5 5.2 0.00 108.7 9.1 91.8 8.8 0.00
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Table 6-15: Normalized mean amplitude (%) comparison within female (subacromial impingement 
syndrome (SIS) patients=16, Controls=13) and male (SIS patients = 18, Controls =19) subjects during 
phases 1 and 2 of the eye-down task. Bold p values are statistically significant (/?<0.05).
Muscle
Groups
Phase 1 Mean Amplitude % Phase 2 Mean Amplitude %
Muscle SIS Patients Control SIS Patients Control
p value
Mean SD Mean
p value 
SD Mean SD Mean SD
Female Group
13 .S
LS 112.7 7.8 115.5 6.6 0.29 88.0 6.2 83.8 6.7 0.13
UT 117.5 8.0 117.1 6.5 0.70 83.3 7.4 82.1 6.6 0.59
o..9c3 +2 LT 114.2 5.0 118.3 9.2 0.37 85.9 5.5 81.3 9.1 0.25
CO oQ. SA 107.6 5.6 110.4 5.2 0.14 93.3 5.4 89.5 5.6 0.04
RM 112.7 7.3 113.0 9.9 1.00 88.2 6.5 86.8 9.9 0.74
bi)c LD 105.9 5.1 107.7 3.0 0.17 95.1 5.0 92.1 3.1 0.04
'Bc TM 108.0 4.4 109.7 5.1 0.59 93.3 4.4 89.3 5.9 0.23
U PM 108.7 5.7 107.9 8.5 0.43 92.1 5.1 92.6 8.1 0.46
C
in BB 104.4 7.4 106.2 6.6 0.49 96.6 6.8 93.6 6.2 0.32
2 SSP 113.5 8.8 110.7 8.8 0.40 87.3 8.1 89.7 8.5 0.40<L)
E3 ISP 111.1 3.5 114.6 7.8 0.21 90.2 3.5 85.3 7.2 0.04
X SUBS 99.9 19.3 108.6 9.5 0.38 90.4 15.6 91.4 9.9 0.91
T3 AD 114.5 7.7 118.4 8.3 0.23 86.6 6.9 82.1 7.9 0.16
O
"S MD 110.6 11.4 118.4 8.8 0.04 90.9 10.9 81.9 8.4 0.02
Q PD 110.6 6.7 115.2 10.2 0.17 90.9 5.7 84.1 9.0 0.05
Male Group
bO
13 .E
LS 111.1 5.7 111.7 8.2 0.43 89.5 6.4 88.9 7.8 0.61
UT 113.8 8.5 113.0 6.7 0.95 86.5 9.0 87.6 6.6 0.77
o..2.•=; LT 114.8 6.5 113.6 7.6 0.52 85.3 6.7 87.8 6.3 0.31
CO o a. SA 108.4 5.1 108.5 11.6 0.87 91.5 4.5 92.9 10.4 0.73
RM 112.5 9.7 107.2 14.5 0.82 89.3 9.6 93.2 15.2 0.84
bOc LD 105.2 4.5 106.8 7.1 0.66 95.1 5.0 94.0 5.6 0.55c
c TM 107.1 5.4 106.7 7.9 0.77 93.2 5.9 94.6 6.6 0.43
cj
*o PM 107.2 7.9 106.7 8.0 0.70 92.9 8.1 94.0 7.0 0.77cd<D
X BB 100.6 6.4 103.6 11.8 0.46 99.4 7.3 97.3 9.7 0.36
1 SSP 109.8 5.3 111.3 10.0 0.61 90.4 5.7 89.2 6.9 0.28
I
3 ISP 108.1 8.5 108.8 8.7 0.95 92.8 9.9 92.4 7.3 0.92K SUBS 104.6 9.9 109.8 8.9 0.19 95.6 9.9 91.2 7.8 0.20
•a AD 112.2 5.2 114.2 11.3 0.24 88.4 4.5 87.3 9.1 0.24o
'S MD 110.6 6.4 112.1 13.8 0.73 89.7 6.0 89.6 10.9 0.82
Q PD 108.8 5.2 108.7 9.1 0.80 91.5 5.2 91.8 8.8 0.85
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Towards the middle of phase 1 and as the SP and HHC groups showed a balanced 
range of activation, the deltoid group activation coincided with further arm elevation 
towards the higher shelf at the eye level. As soon as the arm was lowered with the 
hand resting at the higher shelf deltoid activity, it showed a steady fall while the SP 
and HHC showed a gradual decrease in activity during higher shelf-contact period; 
then sloped down sharply and almost parallel to the deltoid as the arm was lowered 
in phase 2. The observed slight increase in activity of the three groups at the second 
half of phase 2 coincided with reaching the lower shelf and the return to the starting 
position. It is important to observe that towards the end of the cycle, both the HHC 
and deltoid muscles reduced their activity while the activity in SP muscles increased 
to prepare the scapula for the next cycle. In female patients [Figure 6 - 21], the 
leading group was also the SP muscle group.
Female Controls Female Patients
180 -i
160 -
Time (Vo)
Scapular Stabilizers HH Centring Deltoid
Shoulder
phenomenon
Time (%)
■— HH Centrin;Scapular Stabilizers Deltoid
Figure 6-21: Activation patterns of shoulder muscle groups during eye-down task (EDT)
The scapular positioning (LS, UT, LT, SA and RM), humeral head (HH) centring (LD, TM, PM, BB, 
SSP, ISP and SUBS) and deltoid (AD, MD and PD) groups in female controls (left) and female
impingement patients (right).
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(A) Pooled scapular positioning muscles of 
female controls vs. female patients
FCSPG FCSPG FPSPG
•50- FPHHCGFCHHCG
(B) Pooled humeral head centring muscles of 
female controls vs. female patients.
Tim» (%) 
—FPHHCGFCHHCG Mean
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(A) 0.0) 0.37 0.66 0.28 0.56 0.86 0.29 0.63 0.14 0.86 0.03 0.46 0.00 0.01 0.96 0.13 0.05 0.74 0.84 0.04
(B) 0.02 0.40 0.52 0.13 0.34 0.14 0.37 0.59 0.32 0.21 0.09 0.72 0.01 0.01 0.59 0.16 0.14 0.84 0.04 0.94
n 0.49 0.40 0.22 0.12 0.32 0.49 0.21 0.66 0.46 0.25 0.40 0.03 0.01 0.02 0.13 0.59 0.46 0.17 0.00 0.17
Figure 6 - 22: Comparing muscle groups between female controls (FC-) and patients (FP-) during
eye-down task (EDT)
The statistical difference (p values) at every 5% interval of (A) Scapular Positioning (SPG), (B) 
Humeral head centring (HHCG), and (C) Deltoid (D) muscle groups. Bold values are statistically
significant (/?<0.05).
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It was significantly observed that SP and HHC groups started their activity from 
relatively lower levels as compared to controls (/?=0.01 and p=0.02, respectively, 
Figure 6- 3) Their activity increased steeply and parallel to each other but with delay 
to reach a level of stability. There was also delay in the firing of the deltoid group 
though not statistically significant. The deltoid group contributed highly in patients 
than controls to raise the hand to eye level. It is also important to notice the 
‘shoulder-like appearance’ of the three curves due to sharp and brief significant 
increase in activity (p value ranged from 0.02 to <0.01 at 65% and 70% intervals 
(early phase2) [Figure 6 - 22]. This ‘shoulder phenomenon’ was concomitant with 
early movement of the arm downwards in phase 2. Finally, towards the last two 
intervals of the cycle, the patients showed significant increased activity in the deltoid 
(p<0.0l) and HHC (/K0.05). The SP muscle activity in patients showed a higher 
significant decline than controls by the end of the cycle (/?<0.05) [Figure 6- 3].
Male Controls Male Patients
Scapular positioning 5 HH Centring Scapular Stabilizers 50 
Deltoid
HH Centring
Time (%)
Scapular Stabilizers HH Centring Deltoid
Time (%)
HH Centring Deltoid
Figure 6-23: Activation patterns of shoulder muscle groups during eye-down task (EDT)
The scapular positioning, (LS, UT, LT, SA and RM), humeral head (HH) centring (LD, TM, PM, BB, 
SSP, ISP and SUBS) and deltoid (AD, MD and PD) groups in male controls (left) and male SIS
patients (right) during EDT.
Result: EMG - Muscle Activation 183
Subacromial Impingement Syndrome (2012)
(B) Pooled humeral head centring muscles 
of male controls vs. male patients.
Time (%)
-- MPHHCGMCHHCG MPHHCG MCHHCG
(C) Deltoid muscle of male controls vs. male 
patients.
Time (%)
MCD MCD
% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(A) 0.24 0.05 0.19 0.00 0.01 0.01 0.38 0.19 0.23 0.47 0.40 0.09 0.99 0.26 0.50 0.40 0.00 0.00 0.00 0.13
(B) 0.17 0.12 0.74 0.00 0.01 0.01 0.03 0.22 0.05 0.03 0.16 0.02 0.27 0.69 0.50 0.43 0.00 0.00 0.00 0.07
(C) 0.70 0.10 0.80 0.06 0.01 0.00 0.01 0.15 0.12 0.14 0.78 0.27 0.86 0.38 0.99 0.58 0.19 0.12 0.01 0.03
Figure 6 - 24: Comparing muscle groups between male controls (MC-) and patients (MP-) during eye-
down task (EDT)
The statistical difference (p values) at every 5% interval of (A) Scapular Positioning (SPG), (B) 
Humeral head centring (HHCG), and (C) Deltoid (D) muscle groups during EDT. Bold values are
statistically significant (/K0.05).
Result: EMG — Muscle Activation 184
Subacromial Impingement Syndrome (2012)
In male controls [Figure 6 - 23], as the upward movement arm was initiated, the SP 
and HHC groups showed a simultaneous sharp rise in activity during early phase 1 
followed by increased HHC activity towards the mid-phase when it was over taken 
by the increased activity of SP group. Interestingly, the deltoid group showed a rapid 
increase across other 2 groups as they change their activity about mid-phase 1. The 
activity of the 3 muscle groups was almost proportional towards the end of phase 1 
and early phase two. This relationship changed as soon as the arm attempted to move 
downwards, when the HHC group took the leading activity, followed by SP and the 
deltoid groups. The last pattern was maintained but with proportional increase in 
activity as the hand approached the start point on the lower shelf. Finally, all the 
muscle groups declined to the same level by the end of the cycle.
As for the male patients [Figure 6-23 and Figure 6 - 24], although both SP and 
HHC groups started simultaneously with a steep rise in their activity the HHC 
showed a higher contribution. Both groups did not reach the level of activity around 
mid-phase of arm elevation when compared with controls (p<0.01, at 20-30% 
intervals). The deltoid group significantly showed a gradual increase in activity, a 
delay in firing, and achieved a lower level of activity than the deltoid in controls 
(p<0.01, at 25-35%). As the arm was further elevated in the second half of phase 1, 
the 3 muscle groups showed an almost similar pattern to controls until early phase 2. 
The ‘shoulder phenomenon’ was obvious, however less prominent than in female 
patients with the only significant difference seen for the HHC group in patients when 
compared with controls. Finally it was documented that there was an increased 
activity of the 3 groups when the hand was approaching the start point that were 
significantly lower in activity than the controls (p value ranged from <0.05 to <0.01, 
at last 3 intervals).
6.3.4 Muscle Activation Patterns of Individual Shoulder Muscles 
within the Muscle Groups
Based on muscle group activation patterns and comparisons in the previous section, 
it was clear that significant differences were confirmed at early, mid-, or late 
intervals of each phase with some variation between genders. Further supportive 
details were obtained from comparisons of the individual muscles within the muscle 
groups between female [Figure 6-25 and Table 6 - 16], and male participants 
[Figure 6-26 and Table 6-17].
Result: EMG — Muscle Activation 185
1 80
160
- 140
120
‘ lOO
80
60
40
200
1 80
160
140
120
■ lOO
80
60
40
200
180
160
140
120
lOO
80
60
40
200
1 80
160
140
120
lOO
80
60
40
200
1 80
160
140
120
lOO
80
60
40
200
180
160
140
120
lOO
80
60
40
200
180
160
140
120
lOO
80
60
40
200
180
160
140
1 20
lOO
80
60
40
ire C
blu
e 6 ■
1 bk
It: t
Subacromial Impingement Syndrome (2012)
[ KM ]
Time (*Va)
!5: Comparing the activation pattern of 15 shoulder muscles between female controls (FC, 
tie) and patients (FP, red line) during phasel and phase2 of the eye-down task (EDT).
>: Differences between female patients and controls in the averaged activation curves of 15 
shoulder muscles during eye-down task.
-values indicated significant difference with lower contribution in patients, while bold red 
p-values indicated higher contribution in patients
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Cycle Phase (1) Ann elevation Phase (2) Ann lowering
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
m LS 0.43 0.32 0.21 0.00 0.82 0.82 0.74 0.82 0.17 0.25 0.78 0.04 0.01 0.06 0.51 0.59 0.21 0.91 0.38 0.83
S | UT 0.01 0.13 0 16 0.00 0.49 0.59 0.70 0.11 0.17 0.34 0.14 0.14 0.01 0.59 0.30 0.14 0.06 0.45 0.96 0.21
I-Slt 0.00 0.98 0.07 0.63 0.40 0.90 0.74 0.74 0.90 0.74 0.00 0.91 0.01 0.00 0.04 0.21 0.45 0.66 0.28 0.33
t/3 SA 0.01 0.56 0.40 0.66 0.63 0.43 0.90 0.59 0.46 0.90 0.27 0.21 0.03 0.25 0.83 0.30 0.96 0.62 0.16 0.23
RM 0.00 0.95 0.27 0.62 0.76 0.39 0.39 0.95 0.71 0.27 0.00 0.84 0.06 0.04 0.79 0.24 0.19 0.26 0.95 0.21
LD 0.00 0.86 0.82 0.00 0.27 0.78 0.63 0.78 0.17 0.37 0.13 0.51 0.00 0.00 0.59 0.14 0.11 0.70 0.79 0.13
H TM 0.01 0.49 0.94 0.98 0.02 0.05 0.17 0.40 0.56 0.34 0.01 0.21 0.06 0.00 0.04 0.83 0.62 0.19 0.05 0.66
X “PM 0.13 0.98 0.06 0.01 0.52 0.14 0.27 0.04 0.25 0.78 0.49 0.09 0.03 0.96 0.03 0.01 0.30 0.33 0.17 0.96
E | BB 0.00 0.00 0.08 0.32 0.00 0.04 0.59 0.66 0.94 0.40 0.32 0.62 0.05 0.04 0.14 0.79 0.79 0.62 0.96 0.36
| U SSP 0.04 0.98 0.78 0.19 0.46 0.98 0.17 0.40 0.40 0.32 0.21 0.11 0.02 0.62 0.11 0.03 0.02 0.25 0.48 0.25
X ISP 0.00 0.13 0.32 0.02 0.40 0.59 0.21 0.52 0.90 0.74 0.00 0.45 0.02 0.00 0.59 0.05 0.01 0.66 0.21 0.51
SUBS 0.79 0.19 0.19 0.90 0.03 0.01 0.01 0.08 0.47 0.79 0.24 0.67 0.67 0.18 0.83 0.72 0.48 0.78 0.23 0.23
•S AD 0.29 0.40 0.03 0.07 0.04 0.21 0.21 0.90 0.40 0.34 0.34 0.12 0.02 0.17 0.94 0.05 0.23 0.27 0.02 0.78
1 md 0.70 0.63 0.32 0.09 0.04 0.06 0.12 0.52 0.37 0.25 0.70 0.01 0.00 0.10 0.09 0.41 0.48 0.48 0.04 0.16
Q PD 0.29 0.05 0.34 0.49 0.59 0.37 0.66 0.86 0.59 0.52 0.34 0.48 0.01 0.01 0.03 0.45 0.55 0.19 0.05 0.17
Figure 6-25 represents the averaged activity curves of individual muscles in female 
participants. Corresponding to averaged activation curves [Figure 6 -25], Table 6-16 
compares the activation of muscles as per defined intervals for each phase. The 
results revealed significant differences during the course of the eye-down cycle. In 
preparation for arm elevation (early phase 1) all SP muscles except LS, and HHC 
muscles except for PM and SUBS, showed similar pattern with less contribution in 
the female patients. There was no difference in deltoid activation. As the arm 
progressed in elevation, at about 70-80° of combined flexion and abduction at GHJ 
(about mid-phase), the LS and UT within SP group, and all HHC muscles except 
SSP, showed significant decline in contribution in female patients. The AD and MD 
also reflected similar patterns at mid-phase. During the higher shelf-contact (early 
phase 2), LT, RM, TM and ISP had higher contribution in the female patients. As 
soon as the loaded hand left the higher shelf and the arm attempted to move 
downwards (just before mid-phase), a substantial and significant contribution was 
evident for all muscle except SUBS in female patients. This interesting pattern 
coincided with ‘shoulder phenomenon’. Further significant changes were obvious in 
the second half of phase two when female patients additionally demonstrated less 
contribution in PM,SSP,ISP, AD and MD.
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Figure 6 - 26: Comparing the activation pattern of 15 shoulder muscles between male controls (MC, 
blue line) and patients (MP, red line) during eye-down task (EDT).
Figure 6-26 compared the individual averaged curves of muscles in male 
participants and revealed the significant differences at the pre-defined intervals
Result: EMG — Muscle Activation 188
Subacromial Impingement Syndrome (2012)
during the course of the eye-down cycle. A higher percentage of significant changes 
resulted from comparing the activation pattern between male patients and controls 
that were confined at and around mid-phase of arm elevation and in the second half 
of phase 2 towards the end of arm lowering. All muscles participated in the 
significant lower contribution of male patients on at least two occasions. The higher 
contribution of muscles in male patients was associated with ‘shoulder phenomenon’ 
(60% interval) and was still manifested but to a lesser degree than that in female 
patients. Only four muscles including LS, PM, BB, and ISP showed a significantly 
higher contribution at about 60% interval.
Table 6-17: Differences between male patients and controls in the averaged activation curves of 15
shoulder muscles during eye-down task.
Bold blue p-values indicated significant difference with lower contribution in patients, while bold red 
p-values indicated higher contribution in patients.
Cycle Phase (1) Arm elevation Phase (2) Arm lowering
Muscle 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
0.46 0.10 0.38 0.03 0.03 0.06 0.22 0.21 0.23 0.83 0.10 0.02 0.88 0.36 0.83 0.26 0.03 0.03 0.14 0.50
^ S UT 0.20 0.39 0.11 0.02 0.12 0.04 0.36 0.43 0.67 0.38 0.05 0.27 0.41 0.09 0.85 0.20 0.01 0.02 0.34 0.90
1:1 LT 0.13 0.03 0.54 0.05 0.02 0.14 0.76 0.93 0.30 0.16 0.34 0.16 0.69 0.38 1.00 0.98 0.03 0.00 0.04 0.43
C/2 Q SA 0.09 0.02 0.95 0.17 0.09 0.03 0.38 0.18 0.12 0.02 0.43 0.41 0.76 0.43 0.98 0.85 0.01 0.04 0.08 0.67
RM 0.39 0.69 0.30 0.04 0.15 0.45 0.52 1.00 0.90 0.74 0.93 0.33 0.88 0.58 0.60 0.45 0.03 0.01 0.03 0.02
LD 0.05 0.09 0.52 0.02 0.07 0.13 0.09 0.03 0.00 0.02 0.69 0.15 0.63 0.58 0.93 0.93 0.50 0.02 0.00 0.88
•g TM 0.26 0.14 0.65 0.60 0.63 0.88 0.27 0.50 0.15 0.00 0.71 0.17 0.33 0.69 0.46 0.38 0.02 0.01 0.01 0.14
X “PM 0.71 0.30 0.31 0.00 0.01 0.06 0.78 0.83 0.60 0.38 0.02 0.01 0.26 0.45 0.34 0.39 0.11 0.09 0.01 0.67
2 *§ BB 0.43 0.09 0.88 0.17 0.14 0.34 0.78 0.56 0.98 0.21 0.50 0.04 0.15 0.38 0.34 0.54 0.08 0.02 0.02 0.60
| U SSP 0.52 0.26 0.41 0.06 0.34 0.19 0.07 0.04 0.04 0.17 0.93 0.48 0.98 0.65 0.60 0.74 0.18 0.02 0.04 0.31
H
i
T3 0.78 0.30 0.60 0.33 0.13 0.17 0.17 0.93 0.67 0.04 0.85 0.04 0.06 0.76 0.48 0.20 0.01 0.00 0.00 0.12
SUBS 0.18 0.54 0.30 0.07 0.04 0.02 0.12 0.19 0.15 0.37 0.29 0.46 0.33 0.14 0.96 0.99 0.10 0.00 0.01 0.52
^ AD 0.90 0.23 0.74 0.02 0.14 0.02 0.04 0.26 0.71 0.48 0.98 0.54 0.46 0.88 0.90 0.71 0.19 0.09 0.18 0.39
1 md 0.60 0.23 0.54 0.03 0.01 0.09 0.06 0.45 0.13 0.18 0.67 0.50 0.69 0.38 0.81 0.52 0.50 0.46 0.04 0.27
Q PD 0.98 0.30 0.27 0.90 0.15 0.01 0.06 0.27 0.16 0.09 0.58 0.06 0.21 0.36 0.76 0.41 0.29 0.25 0.06 0.03
6.3.5 Qualitative Assessment of Muscle Activation Pattern 
It is important to provide a qualitative interpretation of muscle activation during this 
task, which requires arm elevation to a challenging height in patients with SIS; thus 
an additional description of muscle activation pattern is reported. The mean 
amplitude % for every muscle at each interval of the time domain was sorted from 
maximum to minimum values and then ranked to ‘high, moderate or low activity’ for 
the first five high values, second five values and last lower five values, respectively 
[Figure 6 - 27]. Table 6-6 below describes the individual muscle activation pattern 
of female controls during both phases of EDT, based on the relative activity of 
muscles in [Figure 6 - 27].
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Activity key High Moderate Low Shelf-contact
Figure 6-27 Qualitative assessment of muscle activation patterns in female groups during eye-down
task (EDT)
T he relatively high activity included the highest 5 values, the relatively low activity included the 
lowest 5 values, and the relatively moderate activity included the remaining 5 values of mean 
amplitude % at every 5% interval of the time domain (for shelf-contact duration see Table 6 - 13).
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Table 6-18: Individual muscle activation pattern of female controls based on the qualitative
assessment during eye-down task.
Muscles Phase 1 Phase 2 Remarks
LS Early moderate activity
then mostly low activity 
in the second half.
Mostly low activity all 
through
Moderately active during arm 
elevation
m UT
.5‘3o
Early high activity till
mid-phase then moderate 
activity to the end
Low and high in first half 
then moderate and high 
activity in second half
High to moderate activity with 
arm elevation and lowering
g LT
Ah
13
High activity at extremes 
and moderate in between
High activity at extremes 
and low in between
Moderately active during arm 
elevation
*3 SA
Ah
O
EZ5
Early low activity then 
predominant moderate 
activity to the end.
Mostly high activity the 
dropped to low very late 
in phase
Moderately activity with arm 
elevation and high with lowering
RM High activity all through Early high activity then 
moderate at mid-range 
and again high to end
It appeared as the most active 
muscle particularly with arm 
elevation
LD Moderate at the first half
then low activity in the 
second half
Moderate activity 
through the whole phase
Moderate activity at first half of 
elevation and all through arm 
lowering.
TM Low-high-low 
fluctuation in first half 
then maintained low 
activity in second half
Early high activity then 
gradual decline to low
Fluctuating at lower shelf- 
contact and early elevation; and 
high activity at higher shelf- 
contact and early lowering
PM Mostly low activity
through the whole phase
Low activity in first half 
then high in second half
Most active with arm lowering as 
approaching the start point
% bb
s
CJ
03<D
Mostly high activity in 
first half then low 
activity to end
Moderate to high activity 
in first half then mostly 
moderate to end
High activity at lower shelf- 
contact and initial elevation, but 
mostly active with arm lowering 
(elbow flexion)
± SSP 
<3
3
Moderate to high activity 
through the whole phase
Mostly high activity 
through the phase
Moderate activity with elevation, 
advanced to high as approaching 
the higher shelf and during arm 
lowering
ISP High activity in first half
and mostly moderate in 
the second half
Mostly high activity in 
first half and moderate in 
the second half
High activity in initial half-range 
of elevation and fluctuating 
moderate to low through arm 
lowering
SUBS Low activity initially,
advanced to high about 
mid-phase and changed 
to moderate by the end
Moderate to high activity 
in first half and mostly 
high in second half
High activity with arm elevation 
about the higher shelf, initial 
lowering and as hand 
approaching the lower shelf
AD
'a
3
Low activity in first half
then abrupt high activity 
from before mid-phase to 
the end
Mostly moderate activity Low activity with initial arm 
elevation. High activity with 
increased elevation until landing 
on higher shelf. Persisting 
moderate activity with arm 
lowering
^ MD
Q Similar pattern followingAD
Predominant low 
contribution
Similar to AD, but less activity 
during arm lowering
PD Low activity at mid­
range but increase at 
extremes
Low activity at mid­
range but increase at 
extremes
Increased activity associated with 
brief shoulder extension when 
the hand just pulled away from 
the shelf in both phases
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6.3.5.1 Relative Muscle Activity Alterations in Scapular 
Positioning Group of Female Patients
The relatively high activity was reduced in patients by 2% in phase 1 and 6% in 
phase 2, the relatively moderate activity was reduced in phase 1 by 2% and increased 
in phase2 by 5%, and the relatively low activity increased in phase 1 by 4% and 
phase 2 by 1% [Figure 6 - 28A]. The significant altered relative activity was 
documented for RM as its activity was reduced in both phases. The UT activity was 
also reduced particularly in phase 2, while the LT showed increased activity with 
early arm elevation and decreased activity by the end of elevation. The SA showed 
increased activity at mid-range of elevation but only minor inter-change in activity in 
the lowering phase [Figure 6 - 27].
6.3.5.2 Relative Muscle Activity Alterations in Humeral Head 
Centring Group of Female Patients
The relatively high activity increased by 2% in phase 1 and 1% in phase 2, the 
relatively moderate activity decreased by 1% in phase 1 and 4% in phase 2, and the 
relatively low activity increased by 5% only in phase 2 [Figure 6 - 28B]. The muscle 
strategy was clearly altered and muscles such as LD, TM, and PM showed abrupt 
and brief increments in activity. The activity was reduced for SSP (phase 2), ISP 
(both phases) and SUBS (particularly phase 1) [Figure 6-27].
6.3.5.3 Relative Muscle Activity Alterations in Deltoid of Female 
Patients
The relatively high activity increased by 13% only in phase 2, the relatively 
moderate activity increased by 3% only in phase 1, and the relatively low activity 
decreased by 3% in phase 1 and 13% in phase 2 [Figure 6 - 28]. No major changes 
were observed in AD and MD (phase 1) but PD showed relative increased activity. 
In phase 2, all muscles showed abrupt and brief increase in activity that was not seen 
in female controls [Figure 6 - 27].
6.3.5.4 Relative Muscle Activity Alterations in Scapular 
Positioning Muscles of Male Patients
The relatively high activity was increased in male patients by 1% in phase 1 and 
reduced by 3% in phase 2, the relatively moderate activity was increased in phase 1 
by 2% and decreased in phase2 by 3%, and the relatively low activity increased in 
phase 1 by 3% and phase 2 by 6% [Figure 6 - 30A].
Result: EMG - Muscle Activation 192
Subacromial Impingement Syndrome (20/2)
1 he high-altered relative activity was observed for RM as its activity was reduced in 
both phases. The UT activity was also reduced particularly in phase 2. The SA and 
LT probably attempted compensatory action.
A
■ Phase 1
■ Phase 2
■ Total
■ Phase 1
■ Phase 2
■ Total
Moderate
Figure 6 - 28: The percentage difference of the relative activity in female groups during eye-down
task.
(A) Scapular positioning muscle group, (B) Humeral head centring group and (C) Deltoid
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Figure 6 - 29: Qualitative assessment of muscle activation patterns in male groups during eye-down
task (EDT).
The relatively high activity included the highest 5 values, the relatively low activity included the 
lowest 5 values, and the relatively moderate activity included the remaining 5 values of mean 
amplitude % at every 5% interval of the time domain (for shelf-contact duration see Table 6 - 13).
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Table 6-19: Individual muscle activation pattern of male controls based on the qualitative
assessment.
Muscles Phase 1 Phase 2 Remarks
LS Just started high activity
then mostly moderate all 
through
Just started high activity 
with mid-range moderate 
activity
Moderately active during arm 
elevation and early arm lowering
UT
M)
'S
Mostly high and few 
moderate activity to the 
end
Fluctuating (low-high) 
all through
High activity with arm elevation 
and fluctuating with arm 
lowering
:i LT
'm
O
Oh
5
u
Started low activity but 
mostly high in first half 
and moderate in second 
half
Fluctuating (low- 
moderate)
High activity with early arm 
elevation and approaching the 
higher shelf and moderate in 
between.
g SA
CO
Low activity in first half 
then advanced to higher 
activity in second half
Almost reversed mirror 
image to phase 1
High activity when arm elevated 
about 70-90° as approached and 
left the higher shelf
RM Mostly high activity in 
first half then dropped to 
low all through
Mostly moderate in first 
half and high in second 
half
High activity with early arm 
elevation and second half of arm 
lowering
LD Mostly moderate activity
accept mid-range low 
activity
Mostly high activity in
first half and moderate in 
second half
Moderate activity with early arm 
elevation and when approaching 
the higher shelf. High to 
moderate activity with arm 
lowering.
TM
%
Early low activity, 
advanced to mid-range 
high activity, then 
fluctuated (mod.-low)
Mostly high activity in 
first half and fluctuated 
in second half (low - 
moderate)
High activity at mid-range of arm 
elevation and first half of arm 
lowering
| PM
O
Mostly high activity in 
first half then low to end
A reversed mirror image 
to phase 1
High activity in early elevation 
and late lowering
*3 BB 
<0
Mostly high activity in 
first half, then low
Mostly high activity all 
through
High activity with early elevation 
and the whole range of lowering 
(elbow flexion)
g SSP
s
Moderate to high activity 
through the whole phase
Mostly low activity in 
first half and high 
activity in second half
Moderate to high activity with 
arm elevation. Low in early 
lowering but again high activity 
in second half of lowering
ISP Mostly high activity in 
first half
Fluctuating (low-high) 
all through
Interesting high activity with arm 
elevation and moderate to high 
during arm lowering
SUBS Started moderate activity 
but dropped, then raised 
to moderate again
Mostly low activity Moderate activity at late arm 
elevation but mostly low with 
arm lowering (switch with ISP)
AD Low activity in first half
then increased to high 
activity in second half
Mostly moderate activity
in first and second halves
Low activity with initial arm 
elevation. High activity with 
increased elevation. Moderate 
activity with early and late arm 
lowering
MD
12
Almost similar to AD
with slight delay
Early high activity the
predominant low activity
Almost similar to AD with arm 
elevation but more active during 
early arm lowering
Q PD Early high activity, 
declined to moderate in 
first half. Mostly low in 
second half but advanced 
to high
Early high activity,
fluctuated (low — 
moderate and end with 
brief high activity
Increased activity associated with 
brief shoulder extension when 
the hand just pulled away from 
the shelf in both phases. Further 
moderate activity in both phases 
should be considered in 
discussion
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■ Phase 1
■ Phase 2
■ Total
Moderate
■ Phase 1
■ Phase 2
■ Total
Moderate
High Moderate Low
Figure 6 - 30: The percentage difference of the relative activity in male groups during eye-down task. 
(A) Scapular positioning muscle group, (B) Humeral head centring group and (C) Deltoid
6.3.5.5 Relative Muscle Activity Alterations in Humeral Head
Centring muscles of Male Patients.
The relatively high activity was increased by 1% in phase 2 only, the moderate 
activity decreased by 3% in phase 1 and no change observed in phase 2, while the 
relatively low activity increased by 2% and reduced by 1% in phase 2 [Figure 6 - 
30B], In HHC muscles, the significant noted changes in phase 1 was seen for SUBS 
when the arm was elevated , while with arm lowering the LD and BB showed 
alterations. SUBS showed early increase in activity followed by reduced activity in
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the second half of phase 1. LD showed marked increase in activity with arm 
lowering, while the BB revealed reduced activity in the second half of arm lowering 
SSP. These particular findings appeared similar to that in the controls but a timing 
issue was observed as its sequences occupied one interval earlier than that in controls 
[Figure 6-11].
6.3.5.6 Relative Muscle Activity Alterations in Deltoid of Male
Patients
The relatively high activity was reduced by 2% in phase 1 and increased by 2% in 
phase 2, the relatively moderate activity increased by 1% in phase 1 and 7% in phase 
2, and the relatively low activity decreased by 8% in phase 2 only [Figure 6 - 30C]. 
Regarding the deltoid components, AD showed no change in phase 1 but the activity 
was increased in phase 2, whereas MD and PD showed no significant changes 
[Figure 6 - 11].
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7 CHAPTER SEVEN: ELECTROMYOGRAPHY RESULTS - 
MUSCLE FATIGUE
Electromyography (EMG) is a standardised technique for measuring the fatigability 
of skeletal muscle. The quantification of EMG parameters can provide early 
detection of the fatiguing process in advance of any clinical sign of muscle fatigue. 
The commonly used EMG variable for assessing fatigue is the median frequency 
(MdF) of the power spectrum.
The fatigue protocol aimed to measure and compare the fatigability of 15 shoulder 
muscles in SIS patients and controls during a submaximal voluntary contraction 
(25% MVC) as previously described in the methods chapter (Chapter 3, section 3.7) 
during four distinct movements of the shoulder: forward flexion, abduction, external 
and internal rotation.
Fast Fourier transformation (FFT) was performed for power spectrum analysis using 
a predefined programme in the MyoResearch software. For fatigue measurements, 
MdF was calculated over 50 seconds at 1-s intervals and normalized to the initial 
MdF. Finally rates of change of MdF (slope) were quantified using linear regression 
(FINEST function in the Microsoft Excel 2007) and used as the muscle fatigue index 
(slope %/min). Results are shown as mean value and standard deviation (SD), or 
range, as appropriate.
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Figure 7-1: The fatigue slope (%/minute) during 50 seconds of isometric flexion at 25% maximum 
voluntary contraction (MVC) in SIS patients (red) and controls (blue).
7.1 Muscle Fatigue in Female Participants
There was a general trend for less muscle fatigue in patients compared to controls. 
During flexion, patients showed lower fatigue than controls in the majority of 
muscles except UT, BB and SUBS, which showed higher fatigability in patients. A 
statistically significant difference was observed for AD, TM, and ISP fatigue during 
flexion. In the patients, UT was fatigued while the LS was spared opposite to the 
pattern seen in controls. In both patients and controls SA and AD were the muscles 
that showed the greatest extent of fatigue [Table 7 - 1 and Figure 7 - 2A].
In the patients, all muscles showed some degree of fatigue except RM and TM 
during abduction. In controls, RM, TM, ISP, and SUBS showed no negative slope 
values. Overall, LT, SA, AD and MD were highly involved within their muscle 
groups and almost matched in degree of fatigability between patients and controls. 
While patients showed similar degree of fatigue in LS and UT, controls showed
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similar finding for LS but not for UT. A difference between patients and controls 
was noted in the level of muscle fatigue but it was not statistically significant [Table 
7 -1 and Figure 7 - 2B].
The isometric external rotation fatigue task reflected a tendency towards higher 
levels of fatigue in patients than controls which was in contrast to the other three 
fatigue tasks. The SP muscles had the minimal effect of fatigue among other muscle 
groups in controls, while the same muscle group showed considerable involvement 
of the LT and RM in patients. The HHC group showed lower fatigue in patients than 
controls, although the highly fatigued muscle in patients and controls was the ISP 
and appeared with more negative slope value than that of controls. The deltoid 
group showed a similar pattern but with higher fatigability in controls than patients. 
No significant difference in the fatigue pattern of all muscles within different groups 
was detected except for the SA (£><0.05). Although the SA had no negative slope 
tendency in patients and in controls, a significant difference existed [Table 7-1 and 
Figure 7 - 2C].
During the internal rotation task, the UT was the highly affected muscle within the 
SP muscle group in patients and controls. It was the only muscle affected in SP 
muscle group of patients, but changes due to fatigue were evident for UT, LT and 
RM within the SP group in controls. The HHC group revealed great difference 
between patients and controls with SSP, whereas ISP and SUBS were the most 
fatigued in controls. The deltoid reflected similar pattern in patients and controls 
with slight increase of fatigue in controls. Although there was a difference between 
the muscles of different groups but it was not statically significant [Table 7-1 and 
Figure 7 — 2D],
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Table 7 - 1: Mean muscle fatigue of 15 shoulder girdle muscles presented as medium frequency slope 
(%/min) for female impingement patients and controls at 25% maximum voluntary contraction 
(MVC) and during 50 seconds of isometric flexion, abduction, external rotation and internal rotation. 
Bold p values are statistically significant (p<0.05).
Muscle Muscle
SIS Patients Control P SIS Patients Control P
Groups Mean SD Mean SD value Mean SD Mean SD value
Flexion Abduction
U)
tG LS 0.02 9.00 -2.74 9.74 0.38 -4.53 8.87 -4.26 6.53 0.98
'O UT -1.34 11.69 1.32 9.60 0.36 -4.33 6.80 -1.10 10.30 0.42
o
o.
ja
3o.
LT -2.41 10.76 -6.47 5.57 0.22 -9.56 9.61 -9.07 9.13 0.91
SA -6.23 20.77 -17.06 10.81 0.34 -9.63 10.38 -8.03 13.35 0.95
O
C/5 RM -1.17 17.35 -10.07 40.10 0.32 0.21 15.06 1.59 31.19 0.96
LD -1.42 28.10 -10.95 16.05 0.22 -7.62 7.08 -6.56 20.78 0.59
bpc
•£
C
TM
PM
0.98
-0.92
14.53
14.76
-14.80
-5.29
9.19
13.07
0.00
0.43
2.74
-7.65
16.14
14.28
1.45
-0.35
14.15
24.54
0.53
0.53
o BB -9.58 10.05 -6.58 12.19 0.29 -6.07 10.21 -6.44 14.62 0.98
O
X SSP -7.81 10.18 -12.81 20.71 0.46 -4.35 21.10 -11.41 18.55 0.34
ac
4) ISP -7.09 15.04 -21.78 10.15 0.01 -14.16 23.11 0.71 27.81 0.48
G
3 SUBS -7.78 12.12 -3.20 21.61 0.19 -3.09 21.82 0.23 14.41 0.36
AD -11.90 6.28 -17.06 6.34 0.04 -12.51 5.64 -14.63 9.79 0.98
rs‘o MD -9.25 10.67 -15.70 6.77 0.10 -11.97 7.57 -14.78 7.87 0.37
Q PD -6.98 12.02 -13.32 7.02 0.17 -10.12 11.28 -10.29 8.61 0.91
External rotation Internal Rotation
W)
G LS 5.51 14.87 8.68 23.83 0.87 9.09 21.23 8.36 36.02 0.29
.o UT 7.19 12.78 3.37 15.87 0.33 -7.32 17.78 -6.59 16.60 0.86
a
3
O.
LT -6.06 23.16 -1.89 7.82 0.44 7.57 39.46 -3.39 15.06 0.86
SA 1.53 9.69 24.96 40.43 0.03 7.07 26.10 0.18 17.49 0.71
o
C/5 RM -4.41 13.78 9.67 29.40 0.24 0.46 21.87 -3.34 14.59 0.19
LD 4.39 26.09 -4.92 12.11 0.60 10.04 37.79 3.62 22.08 0.54
W)c TM -5.26 13.77 0.00 12.52 0.33 -2.91 37.11 1.67 11.00 0.08
■£
5
PM 3.71 23.88 -4.75 10.48 0.16 7.24 30.33 -2.49 9.19 0.31
u
’O BB -1.32 10.24 -2.56 7.23 0.98 -5.82 8.47 -1.89 5.74 0.14
5C SSP -1.41 12.28 2.26 12.17 0.45 -1.91 21.42 -17.53 28.20 0.31
ISP -9.02 8.94 -8.05 8.77 0.66 2.15 14.23 -6.93 9.33 0.28
c
3s SUBS 0.86 9.04 -2.27 14.73 0.08 -3.64 10.72 -9.95 35.80 0.59
AD 12.12 26.40 6.29 25.84 0.39 -2.81 9.11 -5.77 8.92 0.43
3
O
MD -4.99 14.38 -6.82 10.73 0.80 -6.55 16.55 -9.42 6.44 0.97
13
Q PD -3.21 7.44 -5.11 11.24 0.39 -6.33 17.87 -7.56 12.30 0.86
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A. Female Patients (Flexion) A. Female Controls (Flexion)
B. Female Patients (Abduction) 5/5 B. Female Controls (Abduction) w
-25 -I
- D -5 v: 2 “ F ScCS
C. Female Patients (Ext. Rot.)
c'?th<2Q52cca.a;wQnQ
C. Female Controls (Ext. Rot.) S
3FH<SQS2cQCi.a.&5D
D. Female ControTs(Int.Rot.^ |D. Female Patients (Int. Rot. J'2 ~
□ Scapular positing (SP) muscles □ Humeral head centring (HHC) muscles | Deltoid
Figure 7-2: Isometric muscle fatigue contraction at 25% maximum voluntary contraction (MVC) for 
50 seconds. The vertical axis indicates the slope (%/minute) and the horizontal axis indicates 
shoulder muscles within muscle groups.
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7.2 Muscle Fatigue in Male Participants
In general, patients developed less fatigue compared to controls in all tests. During 
isometric flexion, patients showed fatigue involvement of all SP muscles, 
particularly SA. In controls, the RM was the most affected muscle followed by SA 
and LT, while the LS and UT had lesser fatigue than that observed in patients. In 
patients and controls, all HHC muscles were fatigued except SUBS in patients, 
though it was fatigued to a greater extent in controls, followed by ISP and TM. The 
deltoid components were all almost equally fatigued in patients, while in controls 
AD had the highest fatigue followed by MD. The significant difference was found 
only for TM and AD [Table 7 — 2 and Figure 7 — 3A].
During abduction in the scapular plane, all muscles except LS showed a variable 
extent of fatigue in controls. Within the SP group the highest fatigability was 
observed in SA followed by LT and RM in patients and controls. The HHC group 
showed more involvement of BB, SSP, ISP and PM in patients, while the ISP, SSP, 
TM were more prominently involved in controls. PM showed considerable 
fatigability in patients compared to minimal involvement in controls. Within the 
deltoid group, highest fatigue was observed in PD followed by MD in patients, while 
the MD followed by AD were highly affected in controls. A significant difference 
between patients and controls was found for AD and MD (p<0.01) [Table 7-2 and 
Figure 7 - 3B].
During isometric external rotation fatigue task, patients demonstrated more fatigue 
than controls in contrast to the other three tasks which was similar to the pattern 
described in female patients. The SP group showed utmost involvement of the RM 
followed by LT in both patients and controls. The largely affected muscles in HHC 
group were the ISP and TM in patients and controls. The AD, MD and PD were 
obviously showing an inversely proportional relation between patients and controls. 
No significant difference was observed between the different muscle groups [Table 7 
- 2 and Figure 7 - 3C].
During the isometric internal rotation task, the UT was the only affected muscle by 
fatigue within the SP muscle group in patients, while in controls it was the most 
affected in addition to the involvement of all other SP muscles. The HHC group 
revealed less involvement in patients than controls, with SSP being the highest
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fatigued muscle in both groups. Within the deltoid group, MD showed a minimal 
degree of fatigue in patients while being the most affected in controls. LD in patients 
and SUBS in both patients and controls did not show the progression of fatigue. A 
significant difference of fatigue was noted between patients and controls for LS, LD 
and SUBS (p<0.05) in addition to MD (p<0.01) [Table 7-2 and Figure 7 - 3D].
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Table 7-2: Muscle fatigue of 15 shoulder girdle muscles presented as medium frequency slope 
(%/min) for male impingement patients and control subjects at 25% maximum voluntary contraction 
(MVC) and during 50 seconds of isometric flexion, abduction, external rotation and internal rotation. 
Bold p values are statistically significant (/?<0.05).
Muscle Muscle
SIS Patients Control P SIS Patients Control P
Groups Mean SD Mean SD value Mean SD Mean SD value
Flexion Abduction
DO
C LS -3.72 8.16 -1.64 8.92 0.88 -3.42 12.35 5.23 16.62 0.20
.2 UT -5.22 8.13 -0.33 7.88 0.28 -4.32 7.72 -7.89 6.94 0.09
o
Q. LT -7.75 7.40 -10.22 8.35 0.25 -8.85 8.39 -10.89 7.63 0.23
ji SA -8.91 12.24 -15.57 10.59 0.10 -10.95 10.20 -15.15 10.37 0.27
cd
o& RM -3.07 30.13 -18.45 35.16 0.15 -8.73 17.93 -9.54 20.50 0.81
LD -2.63 26.42 -12.53 19.66 0.14 -6.69 11.74 -3.76 25.99 0.79
DO
C TM -4.39 8.37 -17.20 13.8 0.00 -3.73 14.95 -9.67 17.39 0.22
h
e
<L>
PM -3.77 10.75 -8.69 14.11 0.41 -10.00 10.15 -0.71 25.55 0.49
CJ
-a
cd
BB -5.88 7.89 -4.68 8.43 0.63 -13.06 16.06 -6.18 12.42 0.22
<L>
X SSP -4.33 21.50 -8.01 37.23 0.38 -11.57 26.71 -10.56 18.75 0.64
2
<u ISP -17.33 24.85 -16.83 15.85 0.88 -10.47 20.12 -15.58 23.13 0.32
c
3
SC SUBS 0.25 32.75 -23.26 30.55 0.09 -7.28 22.52 -8.87 24.95 0.77
AD -9.34 10.37 -20.37 11.57 0.01 -9.11 7.83 -18.99 11.43 0.00
•o
'5 MD -9.76 6.25 -15.16 10.39 0.08 -10.75 7.43 -20.72 9.44 0.00
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Figure 7-3: Isometric muscle fatigue contraction at 25% maximum voluntary contraction (MVC) for 
50 s. The vertical axis indicates the slope (%/minute) and the horizontal axis indicates shoulder
muscles within muscle groups.
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The fatigue protocol aimed to measure and compare the fatigability of 15 shoulder 
muscles in SIS patients and controls during a submaximal voluntary contraction 
(25% MVC) as described in the methods chapter (chapter 3, section 3-7) during four 
distinct movements of the shoulder: forward flexion, abduction, external and internal 
rotation.
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8 CHAPTER EIGHT: DISCUSSION
8.1 Introduction
This is the first study on a total of 72 patients with SIS and healthy controls of both 
genders that included several clinical and functional parameters, in addition to EMG 
study of 15 shoulder muscles during simulated dynamic cycles of daily living 
activities and fatigue protocol. An extensive data acquisition has been managed to 
provide a safe, accessible and valuable database for further interpretation, analysis 
and future plans.
Based on history taking and clinical examination the participants were recruited and 
appointed for series of objective and subjective clinical assessments and EMG 
protocol in order to test our three-part hypothesis. The patients with SIS have 
significant alterations in scapular position and motion, abnormal muscle strength and 
patterns of activity, and increased fatigability leading to physical and mental 
disability. Most of the influencing factors are preventable and reversible with 
rehabilitation therapy.
This work is a further contribution to demonstrate the substantial impact that 
scapular positioning and coordinated motion with humerus has on shoulder function 
and quality of life as well as the existing role of shoulder strength, mobility and 
posture in determining the extent of disability with shoulder impingement.
8.2 Participants and Methods 
8.2.1 Patient Selection
Painful shoulders form an important part of orthopaedic practice, but their obscurity, 
uncertain prognosis, and the fact that they present so few definite signs and 
symptoms, render their classification into types difficult on clinical grounds.443 The 
above is statement is still valid and the accuracy of clinical tests described for SIS 
and other shoulder disorders such as instability or rotator cuff pathologies are useful 
to rule out some disorders (high sensitivity), however, they mostly fail to detect the 
specific faulty structure (low specificity)228,43,244. This study used a comprehensive 
combination of objective and subjective assessments in order to identify differences 
in the upper extremity and shoulder functional performance in SIS patients when 
compared to healthy controls of the same gender and age group. These
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measurements included clinical tests, functional capacity of the shoulder, posture, 
strength, and EMG recording (15 muscles), and a blend of generic and shoulder- 
specific scores/questionnaires.
Pain, weakness and stiffness are important components in the history of patients with 
SIS and constitute the basis of the clinical tests which are applicable in the 
assessment of this pathology229’444,445,248. Twenty one clinical tests were divided into 
three main categories in order to support the diagnosis of SIS and rule out other 
shoulder pathologies including RC tears, shoulder instability and lesions of the 
glenoid labrum and long head of the BB muscle. The pain precipitating tests at the 
painful arc, Hawkins-Kennedy and Neer’s sign were mostly positive in female and 
male patients in this study, followed by tests with combined pain and weakness as 
with lift off, empty can and full can tests (Table 2-2, Table 4 - 4 and Appendix I 
and III). Our approach to the patients with SIS was similar to that reported by Cools 
(2008)446 (Figure 2-1). Though Naredo and Aguado (2002)274 concluded that 
physical examination had 72.7% of specificity in SIS, Calis et al. (2000)249 and Park 
et al. (2005)43 reported a higher specificity up to 88.8% in at least 3-6 test 
combinations. The diagnosis of recruited patients in the present study was further 
supported either by the arthroscopic assessment during subacromial decompression 
or by their good response to physiotherapy.
8.2.2 Muscle Strength (Isometric Maximum Voluntary Contraction) 
Weakness is an important issue in SIS patients and quantification of muscle strength 
is essential in functional assessment, clinical management and during follow-up. 
Isometric MVC is an objective index for muscle strength which has been used 
widely in relation to shoulder conditions. Participants in this study were both 
actively encouraged and provided with visual feedback during the strength 
measurement to enable them to produce the maximum force generation they able to 
tolerate. Participants performed isometric MVC during 4 classic distinct shoulder 
movements i.e. forward flexion, abduction, external and internal rotations using the 
Nottingham Mecmesin Myometer424. Walton et al.(2007)424 investigated the validity, 
accuracy and reproducibility of Nottingham Myometer to a modified fixed spring 
balance425, and concomitant changes in constant score in 108 patients with rotator 
cuff disease. They reported no significant difference by the two tools for muscle 
strength measurements. Although the use of electronic measuring devices has been
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advocated as more accurate, we took into consideration not only the accuracy in the 
device selection but also the screen display and visual feedback impact on the 
patients and controls. Park et al. (2008)447 assessed shoulder muscle strength in 153 
patients with SIS, before and after SIS anaesthetic test. He used the Nottingham 
Mecmesin Myometer for strength measurement during scapular plane abduction, 
internal and external rotation from neutral position447. Pain and weakness are related 
symptoms and well known as pain fear448’449,290 or pain-inhibited weakness450,234, and 
further consideration was given to eliminate their impact on strength measurement 
and the implications for the interpretation of results. A limitation in muscle strength 
assessment was that the elevation of the arm to 90° was painful and could affect 
muscle strength. A recorded lower, less painful elevation was allowed to measure 
strength without stress278.
8.2.3 Range of Motion
The ROM was measured using the goniometer for 5 standard movements of the 
shoulder including flexion, extension, abduction, horizontal adduction and external 
rotation in standing position. For external and internal rotation some authors451 
recommended their assessment with shoulder abduction to 90°451,452. The shoulder 
abduction to that extent is provocative and unreliable for patients with shoulder 
pain55. The controls and patients in this study were examined for external rotation 
with the arm in neutral position (0° abduction) to avoid discomfort. Regarding the 
internal rotation, even in neutral arm position the body limits the full range of 
rotation; therefore, we assessed the participants’ ability to place the hand behind 
their back as recommended by the American Academy of Orthopaedic surgeon and 
the Society of American Shoulder and Elbow Surgeons453 and commonly used with 
the Constant-Murley score278. It is usually described by the patients with 
impingement as a painful restriction when they attempt to approach their back for 
dressing, attending to personal hygiene, and during other activities of daily living
8.2.4 Posture
Some authors have suggested that alterations in scapular positioning influence the 
function of the shoulder18. These alterations lead to scapular instability and 
impairment of sufficient muscular force generation in the scapulohumeral muscles 
which are crossing the GHJ and normally preserve stability during shoulder 
motion102. In addition, patients with SIS are usually informed and advised on the
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significant impact of faulty posture and muscle imbalance in the pathology of 
SIS454’113, xhe present study measured the scapular positions bilaterally and as a 
single axial measurement for each thoracic curvature, neck and shoulder positions in 
all patients and controls in the study. The participants’ position, reference points and 
techniques for measuring the resting position of the scapula as normalized scapular 
protraction (NSP) and scapular index (SI) as well as forward head (FHP) and 
shoulder (FSP) positions were similar to those reported on 60 controls and 60 
patients with SIS by Lewis et al. (2005)103, who tested the reliability of the 
techniques separately on 15 individuals. Their findings did not support significant 
differences between patients and controls and correlations with clinical presentation. 
DiVeta429 also reported no correlations between NSP and performance of selected 
scapular muscles.
The used above NSP and SI measurements were applied at rest measuring the 
‘resting position of scapula’, therefore the need to identify the scapula in different 
positions with the elevation of the arm helps to assess the stabilizing effect of the 
muscles acting on the scapula as the levator scapulae, trapezius, serratus anterior, 
rhombois, latissimus dorsi and pectoralis minor. The lateral scapular slide test 
(LSST) allows to measure the distance between the inferior angle of the scapula and 
the closest thoracic spinous process with the arm at 0°, 45° and 90° abduction in 
scapular plane18. According to the original description of LSST by Kibler (1998)18, 
the results were obtained by calculating ‘the difference’ between the distance on the 
affected side and unaffected one. We emphasized that the unaffected shoulder was 
not a reference for normality. Earlier, Gibson et al. (1995)455 investigated the 
scapular position at rest and found poor reliability with comparisons based on the 
difference between sides and better reliability with use of distance between the 
inferior angle of the scapula and thoracic spinous process at the same level. Several 
other researchers456’457 challenged the specificity and reliability of Kibler’s 
technique. Koslow et al. (2003)456 reported high variability in the scapula resting 
position between sides and the use of kibler’s original LSST had low specificity of 
26.8%.
In the current study, we obtained the mean distance between the inferior angle of the 
scapula and the thoracic spinous process at the same level, not the difference 
between sides, for comparisons with controls at each position. Sometimes, it was
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difficult to trace the inferior angle because of fatty subcutaneous tissues; therefore, 
we tried to move the arm horizontally forward and backward until the inferior angle 
was palpable.
Lastly, the thoracic spine curvature was measured using a flexicurve ruler between 
C7 and T12 spinous processes [Figure 3—4]. The technique is used to measure the 
length and height of the thoracic kyphosis, from which the thoracic kyphosis index 
(TKI) is calculated. The higher index value means increased anterior curvature of 
the thoracic spine. Lundon et al. (1998)427 compared the flexicurve to DeBrunner’s 
kyphometer and roentgenographic results and reported no significant difference in 
the reliability of all three instruments. Chow and Harrison (1987)458 used the 
Flexicurve ruler and observed that fitter individuals with normal bone mass have 
significantly lower TKI. Yanagawa et al. (2000)428 used the same technique to 
measure TKI on 26 osteoporotic females. The flexicurve is feasible, available and 
convenient. The major limitation is the possibility of changes in shape once removed 
from its contact with the spine, and this should be overcome by careful removal and 
immediately get a drawing line of the thoracic curve on a paper with clear marking 
of the levels C7 and T12.
8.2.5 Functional Impairment Tests-Hand and Neck/Shoulder/Arm 
It is believed that the shelving system and simple to difficult multi-level tasks with 1 
kg weight in hand, is feasible, reliable and reproducible in patients with mild to 
moderate SIS. Stopping criteria were clearly defined for patients whose endurance 
might be challenged with pain, stress or fatigue. Furthermore, these tasks explore the 
entire upper limb activity rather than just the shoulder. This is in accordance with the 
kinetic chain theory459,460 which suggests the ability to perform activities of daily 
living relies on the functional capacity and integrity of the shoulder, elbow, wrist and 
hand. The protocol used in the current study to assess the upper limb performance 
without using EMG assessment was similar to that originally described by 
MacDermid et al. (2007)58 for FIT-HaNSA. Healthy controls were able to finish the 
three tasks but few showed progressive discomfort during EDT and stopped within 
the last minute. The participants also attempted a change in the arm position during 
the last two tasks, therefore we kept encouraging and advising them to maintain arm 
movement as normal as possible and to stop if pain was severe.
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8.2.6 Self-Reporting Questionnaires
We decided to have a wide idea about the participants’ perception to their shoulder 
function specifically and their health and quality of life generally. The subjective 
assessment included two shoulder specific scores (CMS278 and OSS421), two Upper 
extremity functional scores (DASH285 and ULFI287), one general health SF-12(GH 
SF-12422) and one psychology scale (HADS288) and finally a questionnaire for pain 
character and intensity (MPQ298). No difficulties were faced in any of the 
questionnaires except in MPQ when some patients were not familiar with the terms 
used for characterizing the pain. Even though the clarification of the terms was 
provided, the patients still expressed their displeasure. The participants, who 
attended the study in two sessions, were allowed to complete the questionnaires at 
home and bring them in the next session.
Regarding the scoring of the shoulder-specific tools, the CMS278 and OSS283 had 
different scoring system from others. The CMS was originally had the lowest score 
for most severe presentation (worst condition) and the highest score (100) for normal 
presentation (Best condition), while the OSS was modified by Dawson et al. 
(2009)283 to have individual score of 0 (the worst) and 4 (the best) with a final total 
score of 48. These shoulder-specific scores are very informative in assessing the 
shoulders of patients with SIS. In contrast, the other questionnaires had reversed 
scores with the lowest score reflects (the least suffering) and the highest one 
indicates the worst condition. At this level of our study and because the components 
of CMS were very informative we decided to include the results of those 
components, while other questionnaires were represented with their total scores.
8.2.7 Electromyography
EMG has been comprehensively used to investigate shoulder muscule activity since 
the classic study by Inman et al.4 when examined planar shoulder movements. The 
EMG assessment of upper extremity movements which simulate daily living 
activities and using all segments of the upper limb kinetic chain without joint 
restriction are very limited. There have been few studies of multiplanar dynamic 
muscle activity such as conical shoulder motion373, eccentric tasks355, and external 
rotation perturbations.355 The current study used a combination of EMG and a 
modified version of the shelving system described by MacDermid et al. (2007)58 
with an additional internal / external rotation task374 to assess muscle activity pattern
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during dynamic cyclic activities in different levels. The patient’s activity was tested 
at waist level, up to 40 0 -50 ° of arm flexion / abduction and finally up to 90o-100° 
forward elevation and lowering with 1kg of load, which was a challenging level for 
the patients because of the pain at mid-range of elevation. For the first time, the 
investigators in the current study used ‘microphone sensors’ attached to the shelves. 
The sensors help to maximise the proper timing of the cycles, the exact shelf contact 
moment and the synchronisation of the video recordings.
The interpretation and analysis was carried on the normalized data to mean 
amplitude and time345. We did not use the raw data for analysis and comparisons 
though personal observations emphasized their importance as reported in literature48. 
Thus, we propose their analysis and the identification of important differences from 
normalized data analysis in the future. Furthermore, the EMG data was collected on 
the overhead task (OHT) as described by MacDermid during 60 seconds but we 
could not show their results due to a technical limitation as the task included 3 
phases rather than 2 which could not be fitted with the Noraxon software345 and their 
interpretation required more time than available. We intend to do further analysis 
and interpretation of OHT data. It is also important to consider a dynamic full task 
that starts at shoulder neutral position to end with overhead reaching and back to 
neutral with different reasonable loads. The proposed task will allow complete 
exploration of the functional arc of the aim.
Finally, the analysis of EMG data with the use of synchronized video recording was 
very helpful and can be improved by the use of 3-D tracking sensors19’461,116 recorded 
very simultaneously with EMG signals during activity.
8.2.8 Fatigue
The use of submaximal isometric voluntary contraction (25% isometric MVC) with 
EMG recording and the facility of feedback display on computer screen which was 
provided with the use of Mecmesin digital dynamometer424,447 was very informative 
and well controlled. The limitation was in obtaining the isometric MVC which was 
influenced by the intensity of shoulder pain in the patients. The effect of pain 
reduced the calculated 25% of isometric MVC376,10, but still we have sufficient to 
provide a real picture upon the extent of fatigue in our patients with painful 
shoulders, add the encouragement from our side and their enthusiasm allows reliable 
collection of data.
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Submaximal isometric voluntary contraction is a popular technique for muscle 
fatigue assessment376,10, but with the investigation of normal daily-like activities, we 
believe that the assessment of dynamic muscle fatigue462'464 will tell us more about 
muscle endurance during normal daily activities and work that can be utilized in the 
rehabilitation of the patients.
8.3 Clinical and Functional Assessments
8.3.1 Objective Assessments
8.3.1.1 Muscle Strength (Isometric Maximum Voluntary Contraction) 
Gender related differences exist in muscle strength documenting men stronger than 
women by age465,137,145 and there was no significant correlation between strength and 
range of motion138. Murray et al. (1985)137 reported that women had 45% to 66% 
muscle strength of that in men and both revealed no significant effect of arm 
dominance on strength values. On average, women at all age groups tend to be 
relatively weaker than men; however, these differences are accounted for by 
differences in muscle mass and muscle quality and muscle fibre contractile function 
in women and men236.
In our study, healthy females and males had highly significant difference in muscle 
strength of the assessed four muscle groups. The women’s strength of shoulder 
flexors, abductors, external rotators and internal rotators was 65%, 67%, 70.5% and 
70.8%, respectively of that in men (Appendix VII: Table 1). Both female and male 
controls showed similar pattern of highest muscle strength in internal rotators and 
lowest in shoulder abductors as well as external rotators appeared stronger than 
shoulder flexors. Several studies reported the highest strength for internal 
rotators133,466,138 and shoulder flexors were stronger than abductors in healthy people 
of comparable age group, though the methods of assessment and units were 
different145,103,467.
The association between physical capacity (i.e. muscle strength and mobility) and 
upper extremity musculoskeletal disorders have been reported in studies468,235,469 . 
The alterations of shoulder stability, mobility and function performance are 
attributed to deficits in strength of specific muscles and reduced ROM as a key 
outcome measures when evaluating SIS58.
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Both female and male patients, in current[ work, had highly significant deficit of 
strength when the affected shoulders were compared with healthy shoulders of 
female and male controls, respectively. The most affected muscle group was the 
shoulder abductors as reduced by 51% in female patients and 38% in males, 
followed by the internal rotators; while the least affected muscle group was the 
external rotators as reduced to 33% in female patients and 23% in males (Appendix 
VII: Table 1).
The superficial deltoid muscles and the deeply seated rotator cuff provide a smooth 
trajectory of the head of the humerus during arm elevation4,125. This relationship was 
defined as ‘a force couple mechanism’ by Inaman et al. (1944)4 (Chapter 2, Section 
2.19.7.1.2.). The force couples associated with elevation of the arm have two 
components. (1) A coronal plane force couple between deltoid and supraspinatus 
muscles superiorly and the lower elements of the rotator included the infraspinatus 
and subscapularis muscles which act as depressors to the humeral head, and (2) a 
transverse force couple between subscapularis anteriorly and infraspinatus/teres 
minor posteriorly470'472. Additionally, within the coronal force couple itself, the 
supraspinatus was reported to reveale an earlier activity than the deltoid and inferior 
components of the rotator cuff in order to assist concavity compression and centring 
humeral head on the glenoid during the first 30o-60° of arm elevation473'475. The 
major deficit in the strength of shoulder abductors, in our study, does not only reflect 
the involvement of the deltoid and supraspinatus muscles — the supraspinatus muscle 
is the most vulnerable to insult within the subacromial space77,46, but also the other 
components of the rotator cuff10. Reddy et al. (2000) 10 found, in patients with SIS, a 
reduced EMG activity of the infraspinatus and subscapularis muscles during arm 
elevation from 30o-60°.
The next significantly affected muscle group, in this study, was the internal rotation 
strength which was more affected than forward flexion and external rotation. That 
deficit in internal rotation strength contradicts with the findings in literature. Because 
of the muscle involvement of supraspinatus followed by infraspinatus in the 
pathology of SIS476,477 major reduction in abduction and external rotation strength 
were frequently reported,478 while there are contradictions in literature regarding the 
reduction of internal rotation strength447,479.
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Recently, Marcondes et al.(2011)478 used a hand-held dynamometer to assess muscle 
strength of 48 patients with unilateral impingement of equal number of both genders 
and within the age range of 35 to 65. They observed that all symptomatic shoulders 
had significant reduction of strength with arm elevation in the scapular plane and 
lateral rotation as compared to asymptomatic shoulders, while reduction in medial 
rotation strength only found in the age range of 50 to 65. MacDermid et al.240 
conducted a study to determine the reliability of different methods of strength 
measurements and self-reporting measures. Twenty-four men and twelve women 
(mean age, 43.6 years) with chronic rotator cuff tendinitis or impingement were 
compared to 28 men and 20 women (mean age, 40.8 years) without shoulder 
problems. LIDO dynamometer was used to determine isometric and isokinetic 
strength of the shoulder rotators. Isometric strength was measured in a neutral 
internal/external position. They found all shoulder rotation strength measures were 
predictive of disability, with isometric external rotation strength being the most 
predictive, and they provide reliable information on the functional integrity of the 
rotator cuff muscle which is significantly related to patients’ function and quality of 
life. Park et al. (2008)447 also found, before the impingement test, the abduction in 
scapular plane with the thumb down was mostly reduced followed by the external 
rotation and internal rotation was the least affected.
On the other hand and with the increased attention on the role of the scapula in the 
pathogenesis of shoulder impingement, Smith et al. (2002,2006)48°s481 investigated 
the effect of scapular protraction and retraction on the forward arm elevation strength 
in 2002, and scapular protraction on internal and external rotation strength in 2006. 
In the first study480, they evaluated 10 healthy subjects and found that forward 
elevation strength was reduced by 30% with scapular retraction and 23% with 
scapular protraction. In the second study481, they evaluated 20 healthy subjects and 
found that protraction significantly reduced internal rotation strength by 13% to 24% 
relative to neutral scapular position, while the effect on external rotation strength 
was more position-dependent, increasing strength by 6% in the internal rotation 
position and decreasing it by 7% in the neutral position and 20% in the external 
rotation position. In conclusion of both studies, they stated that changes in scapular 
position affect shoulder isometric strength. In spite of the methodological differences 
in above studies, we found some support to the pattern of statistically significant
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reduction in shoulder strength and postural relevance, as our results demonstrated 
interesting changes in FHP and FSP in the studied patients as discussed in the next 
section on posture.
Though investigators have not yet determined whether muscle imbalance is a 
contributor or result of impingement16, the pathomechanics of functional 
impingement involve weakness and muscle imbalance that may start with one either 
the scapular rotators (Figure 2-3) or deltoid/rotator cuff muscles (Figure 2-4) but for 
sure eventually both muscle groups are affected26,18’10,3, leading to alterations in 
scapular position and motion, reduction in tension-force generation, narrowing of 
subacromial space and impingement of subacromial soft tissues. Therefore, the 
potential adverse effects of scapular alterations on shoulder strength should be 
considered during the evaluation and treatment of patients with impingement.
The unaffected shoulders in both genders of the patients revealed a trend of less 
strength in the muscle groups but none of them had significant difference from that 
of controls [Table 5-1 and 5-4], Hughes et al. (1999)145 emphasized the importance 
of having unaffected shoulders’ data for comparison in patients whose shoulder 
deficits manifest with bilateral involvement. We did not agree with the argument by 
Hughes et al.145, since the unaffected shoulders are not normal shoulders and 
comparing unilaterally affected shoulders with contralateral shoulders can lead to 
bias in outcomes. Though in the current study, the comparison of unaffected 
shoulders with controls showed no significant difference in muscle strength, there 
were significant differences when other parameters as the ROM and functional 
impairment test compared [Table 5-1 and 5-4] which supports early changes in 
unaffected shoulders.
Furthermore, Hbert et al. (2002)482 found similar 3-D scapular attitudes between 
symptomatic and asymptomatic shoulders of subjects with unilateral SIS and both 
were different from healthy subjects. They attributed the findings to inappropriate 
neuromuscular strategies affecting both shoulders. Lastly, all patients in this study 
with bilateral SIS described it as a unilateral start then progressed gradually to 
bilateral impingement. Therefore, in patients with unilateral SIS, it is important to 
consider the possibility of their progress to bilateral impingement during evaluation 
and rehabilitation483.
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8.3.1.2 Range of Motion
The ROM and its relationship to age, gender and dominance revealed conflicting 
results 5 ’ . Gender-related effects on ROM were described with minimal
differences by Murray et al. (1985)137, while Barnes et al. (2001)135 and Roy et al. 
(2009) observed greater ROM in women than men, particularly with external 
rotation.
Generally women have more ROM than men because of physiologic and anatomic 
factors ’ . The healthy female controls showed more range of motion than males
when the six standard movements of the shoulder were assessed (Table 4-2 and 
Appendix VI: Table 1). We observed that the great difference was in the range of 
horizontal adduction and external rotation. Published data includes wide variation 
of normal ROM particularly in extension, abduction, and external rotation of the 
shoulder complex (Appendix VII: Table 4) 485.
Neer (1972 and 1983)46’81 has repeatedly pointed out that the functional arc of 
shoulder movement is forward, and that forward flexion is often associated with 
medial rotation at the glenohumeral joint. Accordingly, we observed that the results 
of the ROM reflected significant impairment of the functional arc in all patients. As 
it was evident in muscle strength deficit, our results also appeared consistently with 
significant limitation of shoulder mobility in both genders at the affected shoulders 
and to lesser extent at the unaffected shoulders. All patients had significant reduction 
in all directions except with horizontal adduction which showed no or minimal 
difference. The range of internal rotation was the most painfully restricted and 
reduced by 45% at the affected shoulders (Appendix VII: Table 3), followed by 
external rotation, abduction and flexion.
The limitation of internal rotation have not been considered sufficiently in literature 
in spite that an important part of our daily living activities requires extension and 
internal rotation of the shoulder to approach our back486. The thoracic kyphosis, 
FHP and FSP have been reported with increased scapular protraction and anterior 
tilting, which places the acromion and coracoid process - the lateral and 
anteromedial borders of the coracoacromial arc - furthermore anteriorly and 
downwards thus affect the functional arc of forward reaching487’488’104. Chronic pain 
adaptations, repeated micro-trauma and inflammatory reactions lead to soft tissue 
tightness as in levator scapulae, upper trapezius, pectoralis minor and, pectoralis
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major [Table 8-1], in addition to fibrotic changes in the GHJ capsule. All may lead 
to limitation of movements particularly the internal rotation as furthered discussed in 
the section of posture and combined pain score [Sections.3.1.3. and 8.3.2.2.].
The loss of capsular resilience is commonly associated with impairment of motion. 
Glenohumeral internal rotation deficit and experimentally induced posterior capsule 
tightness have also been shown to increase scapular anterior tilting and humeral 
anterior translations relative to the glenoid, respectively74,489. Clinically, the 
distinction between tightness from the posterior capsule or posterior rotator cuff and 
deltoid is not yet possible61 because of low specificity of clinical tests. Warner et al. 
(1990)68 and Tyler et al. (2000)490 demonstrated posterior tightness and GHJ internal 
rotation deficit in patients with SIS, but both studies were unable to isolate the 
structural causative factors.
The importance of external (lateral) rotation was quoted from Inman et al. (1944)4 
“...for free and full elevation of the extremity, lateral rotation of the humerus is 
essential” (p. 5). The elevation of the arm up to the range of 60o-120° associates with 
narrowing of the subacromial space60,491 and increased subacromial pressure99, 
therefore, humeral external rotation clear the greater tuberosity from the under­
surface of the acromion and avoid the compression of subacromial soft tissues19. The 
highly significant reduction in the range of external rotation was evident and next to 
internal rotation in the current study, which added support to the assumption by 
Browne et al.(1990)492 that restricted humeral external rotation lead to SIS. However, 
no conclusive support is available for that assumption.
The reduction in the range of GHJ elevation is a very common clinical finding in 
patients with SIS493,366,19,32. This may be due, in part, to the pain experienced during 
elevation. The painful arc1 was originally described as the mid-range pain with arm 
abduction, but patients may still have a painful arc of motion near 90° of arm 
elevation in any plane494. In the current study, both flexion and abduction of the arm 
were significantly reduced by 29.6% and 38.3%6,respectively in female patients; and 
22.2% and 27.3% respectively in male patients (Appendix VII: Table 3).
Several studies32,19,482,495,496 on 3-dimensional shoulder kinematics have investigated 
STA and GHJ kinematics in healthy population and patients with SIS who presented 
with constrains in different planes of motion. They have emphasized the role of the
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scapula in health and impingement conditions. They have described decrease 
scapular upward rotation, increased protraction and anterior tilt as compared with 
normal scapular kinematics as scapular upward rotation, protraction / retraction and 
posterior tilt with arm elevation123,5’367. With arm lowering almost the reverse has 
been noticed497.
8.3.1.3 Posture
The term Tipper body posture’ is frequently used to denote the head, neck, shoulders 
and thoracic spine alignment103,55; and continue to receive increasing attention as an 
important profile alignment with respect to the trunk498, when the investigation of the 
pathogenesis and management of SIS are in concern103.
Cheshomi et al. (2011)499 cited the following statement based on Kenall et al. 
(1993)500: “Posture can be defined as the position of all the body segments observed 
at a specific moment. Adequate posture occurs when the body is kept in balance 
with the least expenditure of energy possible. Under such conditions, muscles work 
more efficiently and ideal positions are allocated to the thoracic and abdominal 
organs” (p.1072). Ideal body posture with consistent balanced muscles may not be 
seen in reality , because of variations in the human osseous anatomy, joints static 
and dynamic stabilizers501,502,470,503 and environmental influencing factors. 
Grimmer504 examined FHP in 427 randomly selected asymptomatic subjects during 
unconstrained sitting. The plumb-line measurement as described by Kendall et al.505 
was defined as the baseline for ideal posture. No subject demonstrated a resting FHP 
perfectly aligned with the ideal normal (vertical reference line).
In the current study, healthy subjects of both genders were evaluated for sagittal 
plane anterior thoracic curvature, head and shoulder positions. The findings of TKI, 
FHP and FSP [Table 5-1 and Table 5-4] were comparable to those in literature 
[Appendix VII: Table 1 and Table 2], Both genders revealed similar findings 
regarding the FHP but they showed significant higher TKI in male and FSP in 
female healthy subjects. Page et al. (1997)506 emphasized the increased thoracic 
curvature with age and height as Tall people are prone to increased thoracic 
curvature’. We found the mean age and mean height of the healthy male subjects 
higher than that of female healthy subjects [Table 4-1], which may explain the 
gender difference of the thoracic curvature in healthy subjects. Regarding the FSP,
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which is known as ‘rounded shoulders’ in the general community, there is some 
evidence in the literature that women are more round-shouldered than men507.
We could not find a difference in FHP between both genders of healthy subjects, 
though the association of increased thoracic kyphosis with FHP and FSP was 
anecdotally reported508,509. In contrast, quantitative data failed to support an existing 
relation between the three sagittal components of upper body posture154,103, and 
contradictions regarding the resting position of the head in women and men have 
been reported507,156,153,487. For example, Culham and Peat (1993)487 investigated 57 
women over the age of 50, for thoracic kyphosis and scapular protraction; and found 
significantly greater increase of scapular protraction than in women with increased 
thoracic kyphosis.
The few conclusive available data 510’154’430>458 (Appendix VII: Table 1 & 2) and 
variations in asymptomatic subjects makes it difficult to quantitatively define 
normative data of the head, shoulders and thoracic spine posture, from which 
deviations can be related to abnormal joint stress and an imbalance of the 
surrounding musculature103. Milne and Lauder (1974)511 investigated the age effects 
in thoracic anterior curvature on examining 413 and 406 asymptomatic men and 
women respectively. No age effect was found in men aged 20-59 years or in women 
aged 20-49 years. Linear regressions showed an increase in thoracic kyphosis with 
age in older men and women. Raine and Twomey154 found no gender difference 
regarding FHP and FSP between asymptomatic 88 women and 72 men within the 
age range of 17 and 83 years. They also objectively supported the positive relation 
between increased age and FHP, but the longstanding assumptions of increased 
association between increased thoracic curvature and upper cervical spine extension 
with increased FHP were not supported.
In a person with good upper body posture, elevation of the arm is pain-free through 
the full range of motion, and the scapula provides a stable base for efficient function 
of the rotator cuff and other muscle crossing the GHJ102,512. On the other hand, a 
patient with increased FHP, FSP and thoracic kyphosis, the scapula attains an altered 
position with increased protraction and downward rotation, depressing the acromion, 
restricting the clearance of subacromial space and increasing the pressure on 
subacromial soft tissues.512,123,488,513,481 Now the elevation of the arm is presented
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with painful mid-range, limitation of motion, muscular weakness and functional 
disability103.
Thigpen et al. (2010)54 investigated the effect of postural changes of the head and 
shoulder on scapular alterations, using electromagnetic tracking system and surface 
EMG on eighty asymptomatic volunteers during loaded flexion and overhead tasks. 
They decided to avoid the possible confounding factor of shoulder pain by recruiting 
asymptomatic volunteers. In order to establish the criteria for classification, they 
measured the FHP and FSP angles in 310 asymptomatic volunteers and the mean +1 
was selected as the border between a group of a good posture and a group with 
increased forward posture of the head and shoulder. They recorded the changes only 
in the repeated ascending phase of both tasks. The group with increased FHP and 
FSP displayed significantly greater scapular protraction with less SA muscle activity 
in tasks, as well as greater scapular upward rotation and anterior tilting during 
flexion task. Thigpen and colleagues concluded that increased FPIP and FSP impacts 
shoulder biomechanics independent of shoulder pain.
In the current study, we found, in all patients, a combination of a painful shoulder, 
muscle weakness, limitation of motion and postural deviations in the sagittal plane. 
Obviously female patients were more affected than males. Regarding the alterations 
of posture in the sagittal plane, the female patients had doubled-effect of the greatly 
increased FHP and FSP, while male patients only had significantly increased FSP. 
In male patients, the leaning forward mean angle of the head appeared more than that 
in females with wide SD, though the reverse could be observed in controls of both 
genders (Table 5-1 and Table 5-4). Thus, the FHP in male patients was expected to 
have clinical relevance.
Minle and Lauder (1974)511 reported increased thoracic kyphosis above the age of 49 
years in women and above the age of 59 years in men. Therefore, we expected the 
trend of increased TKI will be of clinical importance with advanced age of the 
patients in the current study, and females will have earlier changes than men due to 
anatomical and physiological issues514'516
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Ideal bead posture Chronic foruard bead posture
Levator scapulai
Figure 8 - 1: Deviation of head posture and alterations in muscle action and scapular stability
The changes of upper body posture result in changes in the resting position of the 
shoulder complex487, concomitant imbalance of the muscle system activity48,517,97 
and decreased endurance518,499. All have been demonstrated in patients with SIS103,55.
van Duijn et al. (2007)519 stated that “Prolonged positioning of the head in forward 
head position and of the shoulders in a rounded position could have resulted in the 
observed adaptive shortening of the pectoralis minor and major, the upper trapezius 
muscle, and levator scapulae muscle, and decreased strength of the scapular 
stabilizing muscles. The muscle weakness and the resulting inability to maintain a 
corrected posture for any length of time might also have been one of the underlying 
causes of the patient’s postural deficits.” (p. 22). Opposing to the described
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shortening;, the altered spine-scapular positions will also influence muscle length 
and, therefore, influence the ability to generate tension-force488 leading to further 
weakness and reduced endurance of the muscles acting on both the scapula and 
humerus499. Table 8- 2 summarizes the effect of deviated upper body posture on the 
shoulder complex.
Table 8-1: Postural effect on scapulothoracic articulation and glenohumeral joint and adaptive
changes of the muscular system
Changes in motion 
and position
Adaptive muscle 
tightness
Impaired normal 
motion
Adaptive muscle 
lengthening and reduced 
tension-force generation
Scapula downward 
rotation
Pectoralis minor
Levator scapulae
Scapular upward 
rotation
Upper trapezius
Lower trapezius
Rhomboids Serratus anterior
Scapula anterior 
tilting
Levator scapulae
Upper trapezius
Scapular 
posterior tipping
Lower traps
Serratus anterior
Pectoralis minor Long head of triceps
Coracobrachialis
Biceps brachii
Scapula protraction 
(Internal rotation)
Pectoralis major
Latissimus dorsi
Teres major
Subscapularis
Anterior deltoid
Scapula
retraction
(external
rotation)
Posterior deltoid
Infraspinatus
Teres minor
Humerus
anterior/superior
migration
Supraspinatus
Subscapularis
Posterior deltoid
Humeral
depressors
Infraspinatus
Teres minor
From rehabilitation point of view, Kibler et al. (2008)520 provided further support 
that specific exercises activate the key scapular-stabilizing muscle are important to 
control the dynamic scapular motion and stability. With EMG monitoring, they used 
the specific exercises to activate serratus anterior and lower trapezius muscles at 
amplitudes that are known to increase muscle strength. Several other 
researchers ’ “ have investigated active correction and taping for faulty upper 
body and shoulder postures in patients with SIS. Their conclusions emphasized 
short-term benefits with improvement in function and reduction in pain; and they
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recommended further research to determine the long-term outcomes of treating 
muscle imbalances and postural changes with exercises, stretching and taping in 
patients with SIS.
The scapular position was evaluated in the coronal plane by measuring the NSP, SI 
and LSST variables. We observed that NSP and SI variables did not reflect any 
significant difference in both female and male study groups. The mean of NSP was 
comparable to similar assessment by Lewis et al.103 and DIVet et al.429 and they 
reported no significant difference in symptomatic and asymptomatic subjects, 
leading these investigators to question the assumption of a linear relationship 
between muscle control and scapular position in the pathogenesis of SIS. Regarding 
the SI, though there was no difference between patients and controls of both genders, 
the mean value was relatively higher in our control groups when compared with the 
mean reported on healthy subjects by Borstad and Ludewig. (2005)524
We used the LSST to assess ‘the distance’ between the scapular inferior angle and 
the closest spinous process18, to compare the position of the scapula at rest, with the 
arm abducted to 45° and to 90° in scapular plane bilaterally, as previously discussed 
[Section 8.2.4.]. The only greater reduction was in female patients than female 
controls when the affected arm was abducted to 90°.
Pain, pain avoidance and weakness can affect the scapular lateral slide with the arm 
abducted about 90° 525, in addition, increased FHP and FSP lead to increased 
scapular protraction481,494,367. The presence of increased scapular protraction 
associates with restricted scapular upward rotation when the arm abducted in the 
range of 60° - 90° [Figure 2-1]9, greatly reduced subacromial space clearance and o 
increased painful range of arm abduction481,494,367.
Lastly, the female patients in this study presented with significant reduction of 
external rotation range and strength. Humeral external rotation is important at the 
range of 70° — 90° of arm elevation to allow subacromial clearance from the greater 
tuberosity99,19,492, while impairment of this action leads to further impingement of 
subacromial soft tissues.
Regarding the male patients, though they had significant increase in FSP but 
probably with lesser effect than the case with female patients who had a summated 
effect produced by both FHP and FSP; additionally, their muscle strength still
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considerably high, although they had significant decrease in strength. Therefore, the 
LSST did not reflect differences between male patients and controls.
Although assessment of scapular position is considered to be an important 
component of the clinical examination of the shoulder, conflicting clinical and 
research suggest further investigations are necessary.
8.3.1.4 Functional Impairment Test-Hand and Neck/Shoulder/Arm 
FIT-HaNSA is a self-reporting tool to assess the shoulder functional performance 
during simulated daily living activities. The neck, shoulder, arm, elbow, forearm, 
wrist and hand are important components of the integrated kinematic chain that 
influence functional performance of the upper extremity459,526,527. FIT-HaNSA is 
used indirectly to assess stability, strength and motion of the shoulder complex as the 
arm is moving about the functional arc for forward reaching46,81. Clinicians and 
physiotherapists can observe the symmetry and coordination of the shoulder girdle 
with arm elevation and lowering. Moreover, during the tasks, the participants’ 
perception regarding stress, pain, weakness and satisfaction should be documented.
The discriminative validity of FIT-HaNSA enabled the investigators to distinguish 
the grades of severity in patients with SIS58. The three tasks were placed in three 
different levels range from the waist to overhead position (Chapter 3: Section 3.6.5). 
In the current study, all healthy controls were able to complete 5 minutes of WUT, 
but to lesser extent for the other two tasks. In the EDT, males did better than 
females which could be related to muscle strength as males were stronger. In OHT 
females did better which could be explained by the growing body of literature 
suggesting that females have a greater resistance to fatigue than males528. The results 
are comparable with normal values reported by MacDermid et al. and Roy et al. 
(Appendix VII).
Regarding the female and male patients, we observed that both had highly significant 
impairment when compared to respective control groups. The worst impairment was 
during EDT and the least impairment with WUT. The female patients showed 
greater impairment, in all tasks generally and with EDT in particular, than male 
patients. That impairment in female patients was attributed to the following factors: 
(1) more demanding loaded activity at the eye level in patients who had considerable 
weakness, (2) challenging the trigger point of pain at the mid-range of painful arc,
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which was relatively lower in the range due increased FHP and FSP, and (3) 
increasing discomfort and feeling of insecurity (instability) during early phase of arm 
lowering. That insecurity was reflected also by the results of EMG, while doing the 
same task, as an abrupt change in muscle activation pattern and referred as ‘shoulder 
phenomenon’ [Figure 6-21].
In spite the OHT was in a higher level, patients of both genders scored relatively 
better than EDT and female patients scored more than males. The OHT was designed 
to assess endurance during a sustained overhead activity without lifting any weight58. 
The arms in OHT were elevated about 120° when the subacromial space widened 
again, reduced subacromial pressure and minimized pain.60 Therefore, OHT was 
more achievable than EDT because of less pain, less demanding, and female patients 
were assumed to be more resistant to fatigue than male patients.
The trunk movements were not restricted during the tasks and the participants were 
instructed to stand in a standardized position58. Sitting position and restriction of 
trunk movement may affect badly normal arm elevation. Normal elevation of the 
shoulder requires about 15° of thoracic extension for full bilateral arm elevation529 
and about 9° of thoracic extension530 with unilateral arm elevation516.
Lastly we observed highly significant relation between FIT-HaNSA and muscle 
strength in contrast to less significant relation to CPS and pain component in CMS 
[Table 5- 7]. That reflected the issue of weakness which can be corrected with 
specific rehabilitation and improve functional performance in patients with SIS.
8.3.2 Subjective Assessments
8.3.2.1 Self-Reporting Questionnaires
Based on the globally interacting factors influence the course of SIS [Figure 2 — 2], 
the impingement patients, as those with other chronic disorders, are incorporating a 
wide range of environmental, psychosocial and physical risk factors that may 
contribute to the severity and complexity of impingement. History taking, physical 
examination and other investigations; in addition to the patients’ personal views and 
experience on their condition will allow proper decision-making on a specific and 
individualized treatment approach.
Several self-reporting measures were used to identify the participants’ perception on 
their shoulder problem (CMS and OSS), consequences on the upper limb function
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(DASH and ULFI), character and intensity of pain (MPQ), and finally their impact 
on general health (GH SF-12) and psychosocial (HADS)quality of life. The validity, 
reliability and responsiveness of the questionnaires have been 
reported531’532,287,533’289,534,535
8.3.2.1.1 Constant-Murley Score and Oxford Shoulder Score
These questionnaires are shoulder-specific self-reporting tools. Generally the female 
and male controls acquired the highest or nearby scores in CMS and OSS which 
emphasized the normal shoulder function. The female and male patients had very 
greatly significant reduction in total mean score of each questionnaire estimated 50- 
55% of the total mean scores acquired by controls [Table 5—2, Table 5-3, Table 5-5 
and Table 5-6]. We used CMS to assess the unaffected shoulders of female and male 
patients; there was minimal difference in total score. The minimal difference may be 
considered of clinical importance on long term. We have observed progressive scale 
from unilateral to bilateral SIS.
The patients showed interesting findings in the components of CMS. We observed 
that both genders had quite proportional reduction in pain, activity and ROM scores 
ranged 45 -60% of the respective controls’ scores; but quite different for the 
component of power. As it was previously noted in muscle strength (Section 
8.3.1.1), the power - as measured in 90° of scapular plane abduction — presented as 
51% and 62% of the power in female and male controls, respectively. Also taking in 
consideration the abduction muscle strength in female controls was 67% of 
abductors strength in male controls.
Regarding the position for power measurement at 90° abduction in scapular and the 
impingement patients with painful abduction, we followed the original 
recommendations by Constant and Murley278: “In patients whose active range of 
abduction is less than 90°, the power at whatever maximum active abduction can be 
performed is taken ...” (p. 161). Some authors536,537 questioned the reliability of CMS 
as they applied the floor/ceiling effect on the component scoring, for example, 
patients who were unable to achieve the test position (90° of abduction) had been 
assigned a strength score of 0, and they claimed considerable floor effect on their 
results. Furthermore, Roy et al. (2010)531 in a systematic review on CMS have 
provided further support for the use of CMS by clinicians and researchers and
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emphasized the need to re-evaluate and improve the standardization and precision of 
the major psychometric properties such as content validity, minimal detectable 
change, and minimal clinically important differences.
8.3.2.1.2 Disability of the Arm, Shoulder and Hand and Upper Limb 
Function Index
The region-specific questionnaires including DASH and ULFI have reversed scores 
to those reported with CMS and OSS. The female and male controls had the lowest 
scores that reflected very minimal or no functional impairment at all. Both groups of 
patients were very highly distinguished from controls by 45-50 higher score points 
of pain and functional impairment symptoms. MacDermid et al (2007)58 used the 
DASH and Shoulder Pain and Disability Index to validate FIT-HaNSA in 
impingement patients (11 males and 8 females) and controls (11 males and 8 females) 
with a mean age of 32 (±12) in each group. The control group in their study and 
both control groups in the current study scored within the lowest 2% of the DASH 
scale, while the impingement patients in their study scored about40% less than 
female and male patients in the current study. The differences between the two 
studies were due to small sample size, no gender differentiation and younger age 
group in the study by MacDermid. Concerning the ULFI, the requirement of 
responding with only ‘yes’ or ‘no’ to the 25 items was confusing to participants 
when they decided a response between the dichotomous options , therefore we think 
that problem have been solved with the new modification of ULFI reported by Gabel 
et al.538 in 2010. The modified version included three-point response with the aim of 
improving clinimetric properties.
8.3.2.1.3 General Health SF-12 Survey and Hospital Anxiety and 
Depression Scale
The general health SF-12 survey was very informative on the physical and mental 
health. Although the control groups reflected minor limitations in general health, the 
survey was able to differentiate impingement patients with major impairment in the 
physical and mental component of the questionnaire. Moreover, the mental 
behaviour was further explored by using the HADS scale which demonstrated highly 
significant increase of anxiety and depression in patients with SIS. That is giving 
further support to the assumed relation between different psychological miss- 
behaviour, fear of pain and inhibitory effect on function which are usually presented
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in musculoskeletal disorders with chronic pain450*184,290. The psychosocial changes 
should receive great attention in the treatment decision of SIS patients539.
8.3.2,2 Combined Pain Scores
There is a growing body of research to investigate the relations between pain 
severity, deficits in strength, limitation of motion, postural deviations and functional 
disability55,49,540,541,199 234,450. The interpretation of different relations reveal wide 
variations, lack of consistency, ambiguity in the pathogenesis and obscurity of inter­
playing clinical and psychosocial factors234,450,290 in shoulder impingement. Further 
understanding of assumed interacting causal and precipitating factors provides strong 
prognostic predictions and guide-lines to the proper preventive and curative 
plans312,542.
Using seven items related to pain which were collected from the utilized self- 
reported questionnaires permitted the application of a combined pain score (CPS) to 
quantify pain in the patients with SIS and preliminary investigation of overall 
correlations [Chapter 5, Section 5.3 and 5.4].
We observed from the combination of several patients’ responses on pain a wide 
range of pain severity represented mild, moderate and severe grades in female and 
male patients [Figure 5-2]. Those with minimum scores informed ‘severe pain’ and 
those on the higher side informed ‘mild pain’. That inclusive distribution of pain 
presentation made our data representative to the population with different severities 
of impingement. It is worth to have future analysis with stratifying the study groups 
according to pain severity, investigating the involvement of pain fear or 
avoidance450,234 and their relation to other parameters included in the current study.
The overall correlation of CPS [Table 5 — 7] reflected significant positive correlation 
with isometric muscle strength - only in flexors and internal rotators strength, all 
directions of shoulder motion and functional impairment test. The correlation with 
postural elements was negative and not significant statistically. Those findings can 
be related to changes in upper body posture and scapular position543,55.
The increased FSP — which was demonstrated in all patients in the current study - 
and associated scapular protraction shifts the acromion and subacromial painful 
trigger point further anteriorly544,55. Additionally, chronic adaptive shortening of 
levator scapulae, upper trapezius and pectoralis minor muscles with increased FHP
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and FSP forces the scapula into downward rotation and anterior tilt519,545,123. Such 
changes depress the acromion, narrow the subacromial space and reduce the pain- 
free range of painful-arc as impingement patients elevate their arms for forward 
reaching481,172. The literature data concerning the shoulder isometric strength and 
scapular protraction, as previously described in section 8.3.1.1., supports the existing 
selective reduction in muscle strength. The increased scapular protraction associates 
with reduction of isometric strength by 23% in flexion480, 16% in abduction488, 7% 
in external rotation481 and 24% in internal rotation481. Thus, the findings in our 
patients and those in literature supports an association between scapular protraction, 
pain and selective weakness in SIS.
In the current study, the overall correlation of pain [Table 5-7] as CPS or as an 
individual component of pain in Constant-Murley score was not able to detect a 
significant relation with postural elements. Borstad et al. (2006)546 stated that “One 
explanation for failing to find a relationship between postural deviations and 
shoulder pain is that these 2 entities are at the beginning and end, respectively, of a 
continuum, with movement alterations occurring between them” (p. 550). 
Furthermore Sahrmann (2002)547 described that postural deviations are long-term 
changes which are recognized by the human motor system and allow modifications 
to maintain the precise biomechanical activities, but overtime the exposure to 
repetitive physical stress, pain begins as a response to imprecise activities.
8.3.3 Summary
The principle of physiology ‘Proximal stability for distal activity’ is highly reflected 
in our contribution through the current study of female and male patients with 
subacromial impingement syndrome and healthy controls. All patients presented 
with shoulder pain, weakness, limitation of shoulder movements and functional 
impairment. Several clinical tests were applied to support the diagnosis as painful- 
arc, Neer and Hawkin’s tests, and others to rule out other pathologies in the shoulder. 
The confirmation of the diagnosis was achieved either through arthroscopic findings 
during surgery or as a good response to an impingement-specific physiotherapy 
programme.
The issues of upper body postural changes and muscle strength deficit had greater 
implications on female patients than males. The female patients had increased FHP, 
FSP and greater deficit of shoulder muscle strength; while male patients had
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increased FSP. Although the male patients’ strength was reduced, they were still 
stronger than healthy female controls. Both postural deviations and deficit in 
shoulder muscle strength are known predictors to alterations in the scapular position 
(stability) and coordinated mobility with arm movement at the glenohumeral joint.
In spite that the shoulder range of motion was greater in healthy females than male 
controls, the female patients lost greater range of motion than males, which can be 
attributed not only to postural and strength changes but also to psychological effect 
of pain as ‘pain fear or avoidance’ and other physical and mental changes reflected 
by self-reporting questionnaires.
Taking into consideration ‘the functional arc’ for forward reaching with the 
combination of flexion/abduction/internal rotation, all patients reflected pain 
severity, weakness and limitation of motion predominantly within the components of 
‘the functional arc’.
All aforementioned abnormal findings imposed further changes in stability and 
function of the shoulder complex. It was obvious that FIT-HaNSA was able to 
distinguish patients’ severity and functional ability from healthy individuals with 
gradually increased demanding shelving tasks. Furthermore, EMG reflected local 
muscle activity in functional muscle groups and showed the difference in patients 
with impingement syndrome.
The combination of EMG and a modification of FIT-HaNSA to assess muscle 
activation during tasks similar to daily living activities provided a spectrum of 
activity patterns from low to high demanding tasks.
Both female and male controls demonstrated higher contribution of muscle activity 
with more demanding tasks in higher levels. The change in activity represented with 
gradual change in pattern of muscle activity. The scapular positioning, humeral 
centring and deltoid muscle groups reflected a mirror image pattern in both phases of 
internal/external rotation tasks. In waist-up and eye-down tasks the muscle groups 
had increased activity with arm elevation and decreased gradually and smoothly with 
arm lowering. The scapular muscle group was on top of other muscle groups at the 
initiation of each phase in the three tasks. The deltoid was the last to contribute its 
activity with arm elevation and the last to reduce activity with arm lowering. The 
deltoid’s behaviour appeared as ‘a time-lag’ anticipating a level of contribution by
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the scapular positioning and humeral head centring muscle groups to be achieved 
before the deltoid would be able to fire up.
During all tasks, the male patients showed minimal differences in muscle activation 
pattern from that of controls, which could be attributed to their higher muscle 
strength, insufficient demanding tasks and probably minimal impairment of 
proprioceptive sensation due to pain.
The female patients showed obvious differences from controls in all tasks. The 
muscle groups reflected less contribution with arm elevation tasks and abrupt 
increase of activity in early stage of arm lowering particularly in eye-down task. 
This variation was referred to as ‘shoulder phenomenon’ and attributed to the feeling 
of insecurity and improper coordination between muscle groups when the loaded 
arm was exposed to the gravity effect that could be influenced by changes in 
proprioceptive receptors. Therefore, we emphasize further investigation of the 
proprioceptive sensation in patients with SIS. As in female controls the scapular 
positioning muscle group maintained its initial contribution and advanced on top of 
humeral centring muscle group during arm elevation. In all tasks, the activity of 
both muscle groups at the start point of phase 1 and end point of phase 2 —reflecting 
the same time point in the cyclic model - was lower than that of controls and took 
longer time to reach a level permissible for the contribution of deltoid muscle.
Finally, muscle fatigue assessment during submaximal isometric contraction 
indicated more fatigue in healthy male than in female volunteers. In general, patients 
developed less fatigue compared to controls in all tests. This could be explained by 
pain inhibition or avoidance. In female and male patients, there was less muscle 
fatigue during isometric submaximal flexion and internal rotation contraction than in 
controls. In both genders, these movements were challenged by the range of painful 
arc and changes in scapular position associated with FHP and FSP. Such changes in 
the scapula included scapular protraction that brings the target point of pain more 
anteriorly in the range of painful arc; and anterior tilt of the scapula that reduces the 
subacromial clearance during arm elevation. The SA is more vulnerable to fatigue 
within the scapular position group during flexion and abduction. The ISP is the 
highly fatigued muscle in external rotation whereas the SSP is more fatigued during 
internal rotation.
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9 CHAPTER NINE: CONCLUSION & RECOMMENDATIONS
Subacromial impingement syndrome spares neither male nor female, presents as a 
painful problem in either shoulder regardless of the side of the dominant hand and is 
observed in all ethnic groups. In this study, a primary difference between patients 
and controls was scapular management. It was evident that the starting posture and 
scapular position with subsequent aberrations in scapular movement were critical in 
the problems associated with subacromial impingement syndrome.
All patients reflected pain severity, weakness and limitation of motion particularly 
within the components of ‘the functional arc’. Forward head and shoulder position 
produce alterations in scapular position and motion. Scapular protraction, limited 
upward rotation and anterior tilt bring the target-point of pain further anteriorly and 
into a lower level within the range of painful arc, leading to predominance of pain, 
reduced muscle strength and limitation of motion particularly in shoulder flexion, 
abduction and internal rotation. In addition, the shoulder function of the unaffected 
side in patients with unilateral SIS is not normal and tends towards changes evident 
in the shoulder with full SIS.
Generally, the myoelectric manifestations revealed less muscle contribution level 
and less fatigue in patients than controls; and the changes were more evident in 
female patients than male patients.
Female patients exhibited greatly reduced muscle strength and more forward head 
posture and forward shoulder posture than the female controls. Although the muscle 
strength in male patients was less than male controls but persisted to be stronger than 
healthy female controls. Males reflected an increase only in their forward shoulder 
posture. Furthermore, female patients showed greater loss of range of motion than 
males related to their changes in posture and strength and psychological effects of 
pain. All these alterations together addressed the function disability and increased 
severity of subacromial impingement in female patients than males.
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EMG was a major tool that reflected local muscle activity in functional muscle 
groups revealing variations in patients with impingement syndrome. EMG together 
with modified FIT-HaNSA demonstrated a wide spectrum of muscle activity pattern 
during low to high demanding tasks.
A higher contribution of muscle activity was evident in demanding tasks of higher 
levels. The scapular positioning, humeral head centring and deltoid muscle groups 
reflected a mirror image pattern in both phases of internal/external rotation tasks. In 
waist-up and eye-down tasks the muscle groups had increased activity with arm 
elevation but decreased activity with arm lowering. The three tasks were 
predominantly initiated by the scapular muscle group. The final action during arm 
elevation and lowering was controlled by the deltoid muscle. In all the three tasks, 
the male patients reflected minimal differences in the muscle activity patterns 
compared to their controls , whereas remarkable differences were observed between 
female patients and controls.
The muscle fatigue assessment indicated less fatigue in patients than controls of both 
gender particularly in isometric submaximal flexion and internal rotaion contractions 
where pain inhibition or fear of pain were expected. More fatigue in healthy male 
than female volunteers emphasized the importance of muscle strength variation. The 
serratus anterior (SA) is more vulnerable to fatigue within the scapular position 
group during flexion and abduction. The infraspinatus (ISP) is the highly fatigued 
muscle in external rotation whereas the supraspinatus (SSP) is more fatigued during 
internal rotation.
We emphasize the use of combinations of subjective and objective clinical 
assessments that provide specific and general information about the functioning, 
disability and health of patients with subacromial impingement syndrome as well as 
guide the better use of combined clinical tests for better diagnostic accuracy in 
subacromial impingement. Safe, feasible and reliable tools as those used in the 
current study will allow proper assessment of posture, muscle strength, range of 
motion, functional performance and shoulder muscles behaviour and endurance.
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The combination of EMG and a modified protocol of FIT-HaNSA provides valuable 
information on the muscle activity during forward reaching tasks. The overhead 
consistent activity includes 3 phases rather than 2 phases and requires a different 
method of analysis and interpretation which is not available in the current study. 
Further investigation for overhead task is recommended. The use of microphone 
sensors is time saving and accurate for identifying different phases and 
synchronizing video recording. We also recommend the use of motion tracking 
sensors for better interpretation of EMG signals and movements. Last but not least, 
dynamic muscle fatigue can be evaluated using methods such as ‘wavelet’ technique.
Finally, physiotherapy protocols which address these problems are likely to be most 
successful. However, in patients with extreme levels of pain surgery may be the only 
possibility.
Conclusions and Recommendations 237
Subacromial Impingement Syndrome (2012)
10 REFERENCES
1. Kessel, L. & Watson, M. The painful arc syndrome. Clinical classification as 
a guide to management. JBone Joint Surg Br 59, 166-72 (1977).
2. Dvir, Z. & Berme, N. The shoulder complex in elevation of the arm: a 
mechanism approach. Journal of Biomechanics 11, 219-225 (1978).
3. Myers, J.B., Hwang, J.H., Pasquale, M.R., Blackburn, J.T. & Lephart, S.M. 
Rotator cuff coactivation ratios in participants with subacromial impingement 
syndrome. JSci Med Sport 12, 603-8 (2009).
4. Inman, V.T., Saunders, J.B. & Abbott, L.C. Observations of the function of 
the shoulder joint. The Journal of Bone & Joint Surgery 26, 1 -30 (1944).
5. McClure, P.W., Michener, L.A., Sennett, B.J. & Karduna, A.R. Direct 3- 
dimensional measurement of scapular kinematics during dynamic movements 
in vivo. J Shoulder Elbow Surg 10, 269-77 (2001).
6. Machner, A., Merk, H., Becker, R., Rohkohl, K., Wissel, H. & Pap, G. 
Kinesthetic sense of the shoulder in patients with impingement syndrome. 
Acta Orthop Scand 74, 85-8 (2003).
7. Kronberg, M., Larsson, P. & Brostrom, L.A. Characterisation of human 
deltoid muscle in patients with impingement syndrome. J Orthop Res 15, 
727-33 (1997).
8. Depalma, M.J. & Johnson, E.W. Detecting and treating shoulder 
impingement syndrome: the role of scapulothoracic dyskinesis. Phys 
Sportsmed 31, 25-32 (2003).
9. Ludewig, P.M., Behrens, S.A., Meyer, S.M., Spoden, S.M. & Wilson, L.A. 
Three-Dimensional Clavicular Motion during Arm Elevation: Reliability and 
Descriptive Data. Journal of Orthopaedic and Sports Physical Therapy 34, 
140-149 (2004).
10. Reddy, A.S., Mohr, K.J., Pink, M.M. & Jobe, F.W. Electromyographic 
analysis of the deltoid and rotator cuff muscles in persons with subacromial 
impingement. J Shoulder Elbow Surg 9, 519-23 (2000).
11. Poppen, N.K. & Walker, P.S. Normal and abnormal motion of the shoulder. 
Journal of Bone and Joint Surgery - Series A 58, 195-201 (1976).
12. Finsterer, J. EMG-interference pattern analysis. Journal of Electromyography 
and Kinesiology 11, 231-246 (2001).
13. Inman, V.T. & Saunders, J.B. Observations on the Function of the Clavicle. 
Calif Med 65, 158-66 (1946).
14. Thompson, W.O., Debski, R.E., Boardman, N.D., 3rd, Taskiran, E., Warner, 
J.J., Fu, F.H. & Woo, S.L. A biomechanical analysis of rotator cuff 
deficiency in a cadaveric model. Am J Sports Med 24, 286-92 (1996),
15. Voight, M.L. & Thomson, B.C. The role of the scapula in the rehabilitation 
of shoulder injuries. JAthl Train 35, 364-72 (2000).
References 238
Subacromial Impingement Syndrome (2012)
16. Page, P. Shoulder muscle imbalance and subacromial impingement syndrome 
in overhead athletes. Int JSports Phys Ther 6, 51-8 (2011),
17. Cohen, R.B. & Williams, G.R., Jr. Impingement syndrome and rotator cuff 
disease as repetitive motion disorders. Clin Orthop Relat Res, 95-101 (1998).
18. Kibler, W.B. The role of the scapula in athletic shoulder function. Am J 
Sports Med 26, 325-37 (1998).
19. Ludewig, P.M. & Cook, T.M. Alterations in shoulder kinematics and 
associated muscle activity in people with symptoms of shoulder 
impingement. Phys Ther 80, 276-91 (2000).
20. Chen, S.K., Simonian, P.T., Wickiewicz, T.L., Otis, J.C. & Warren, R.F. 
Radiographic evaluation of glenohumeral kinematics: a muscle fatigue 
model J Shoulder Elbow Surg 8, 49-52 (1999).
21. Royer, P.J., Kane, E.J., Parks, K.E., Morrow, J.C., Moravec, R.R., Christie, 
D.S. & Teyhen, D.S. Fluoroscopic assessment of rotator cuff fatigue on 
glenohumeral arthrokinematics in shoulder impingement syndrome. Journal 
of Shoulder and Elbow Surgery 18, 968-975 (2009).
22. Lund, J.P., Donga, R., Widmer, C.G. & Stohler, C.S. The pain-adaptation 
model: a discussion of the relationship between chronic musculoskeletal pain 
and motor activity. Can J Physiol Pharmacol 69, 683-94 (1991).
23. Labriola, J.E., Lee, T.Q., Debski, R.E. & McMahon, P.J. Stability and 
instability of the glenohumeral joint: the role of shoulder muscles. J Shoulder 
Elbow Surg 14, 32S-38S (2005).
24. Chopp, J.N., Fischer, S.L. & Dickerson, C.R. The specificity of fatiguing 
protocols affects scapular orientation: Implications for subacromial 
impingement. Clin Biomech (Bristol, Avon) 26, 40-5 (2011).
25. Kamkar, A., Irrgang, J.J. & Whitney, S.L. Nonoperative management of 
secondary shoulder impingement syndrome. J Orthop Sports Phys Ther 17, 
212-24(1993).
26. Kuhn, J.E., Plancher, K.D. & Hawkins, R.J. Scapular Winging. J Am Acad 
Orthop Surg 2, 319-325 (1995).
27. Deutsch, A., Altchek, D.W., Schwartz, E., Otis, J.C. & Warren, R.F. 
Radiologic measurement of superior displacement of the humeral head in the 
impingement syndrome. J Shoulder Elbow Surg 5, 186-193 (1996).
28. Carpenter, J.E., Blasier, R.B. & Pellizzon, G.G. The effects of muscle fatigue 
on shoulder joint position sense. Am J Sports Med 26, 262-5 (1998).
29. Lethem, J., Slade, P.D., Troup, J.D. & Bentley, G. Outline of a Fear- 
Avoidance Model of exaggerated pain perception—I. Behav Res Ther 21, 
401-8 (1983).
30. Verbunt, J.A., Seelen, H.A., Vlaeyen, J.W., Bousema, E.J., van der Heijden, 
G.J., Heuts, P.H. & Knottnerus, J.A. Pain-related factors contributing to 
muscle inhibition in patients with chronic low back pain: an experimental 
investigation based on superimposed electrical stimulation. Clin J Pain 21, 
232-40 (2005).
References 239
Subacromial Impingement Syndrome (2012)
31. Paletta, G.A., Jr., Warner, J.J., Warren, R.F., Deutsch, A. & Altchek, D.W. 
Shoulder kinematics with two-plane x-ray evaluation in patients with anterior 
instability or rotator cuff tearing. J Shoulder Elbow Surg 6, 516-27 (1997).
32. Lukasiewicz, A.C., McClure, P., Michener, L., Pratt, N. & Sennett, B. 
Comparison of 3-dimensional scapular position and orientation between 
subjects with and without shoulder impingement. Journal of Orthopaedic 
and Sports Physical Therapy 29, 574-586 (1999).
33. van der Heijden, G.J., Leffers, P. & Bouter, L.M. Shoulder disability 
questionnaire design and responsiveness of a functional status measure. J 
Clin Epidemiol 53, 29-38 (2000).
34. Urwin, M., Symmons, D., Allison, T., Brammah, T., Busby, H., Roxby, M., 
Simmons, A. & Williams, G. Estimating the burden of musculoskeletal 
disorders in the community: the comparative prevalence of symptoms at 
different anatomical sites, and the relation to social deprivation. Ann Rheum 
Dis 57, 649-55 (1998).
35. Chard, M.D., Hazleman, R., Hazleman, B.L., King, R.H. & Reiss, B.B. 
Shoulder disorders in the elderly: A community survey. Arthritis Rheum 34, 
766-769 (1991).
36. Picavet, H.S. & Schouten, J.S. Musculoskeletal pain in the Netherlands: 
prevalences, consequences and risk groups, the DMC(3)-study. Pain 102, 
167-78 (2003).
37. van der Windt, D.A., Koes, B.W., de Jong, B.A. & Bouter, L.M. Shoulder 
disorders in general practice: incidence, patient characteristics, and 
management. Ann Rheum Dis 54, 959-64 (1995).
38. Vecchio, P.C., Kavanagh, R.T., Hazleman, B.L. & King, R.H. Community 
survey of shoulder disorders in the elderly to assess the natural history and 
effects of treatment. Ann Rheum Dis 54,152-4 (1995).
39. Kaikkonen, R., Rahkonen, O., Lallukka, T. & Lahelma, E. Physical and 
psychosocial working conditions as explanations for occupational class 
inequalities in self-rated health. Eur J Public Health 19, 458-63 (2009).
40. Valenti, G., Capone, M., Forti, G., Grasso, M., Mirone, V., Chiaffarino, F., 
Ricci, E., Appiani, G., Corti, E., Fabbrica, D., Ferrario, E., Ghezzi, S., 
Grendele, M., Maroni, P., Mazzoleni, G., Nicolussi, M., Pinnavaria, A., 
Rossi, A., Sala, V., Santoro, S., Autore, G., Avvento, G., Barra, R., Brunetti, 
D., Catalano, A., Girardi, V., lovane, G., Lettieri, F., Marescotti, S., Pelaggi, 
N., Sica, G., Delcanale, S., Gorreri, B.M., Maini, C., Peri, F., Sani, E., Sisto, 
M., Sullam, A., Zanardi, G., Burgio, G., Bussotti, A., Caldini, L., Gianelli, 
L., Gianni, N., Giuntoli, M., Guarducci, M., Nastruzzi, A., Pacileo, R., 
Pirozzi, R., Pisani, L., Puliti, M., Rafanelli, P., Baron, P., Cocomazzi, F., 
Cominetti, G., Matera, G., Panizzo, G., Podrecca, D., Rupalti, I., Spagnul, P., 
Tonelli, L.I., Venturini, O., Nardo, C. & Parazzini, F. Inverse relationship 
between scores on the quality of life questionnaire SF-12 and on the Aging 
Males' Symptoms scale in Italian men. Aging Male 11, 77-82 (2008).
41. Chang, W.K. Shoulder impingement syndrome. Phys Med Rehabil Clin N 
Am 15,493-510(2004).
References 240
Subacromial Impingement Syndrome (2012)
42. Sachs, R.A., Stone, M.L. & Devine, S. Open vs. arthroscopic acromioplasty: 
a prospective, randomized study. Arthroscopy 10, 248-54 (1994).
43. Park, H.B., Yokota, A., Gill, H.S., El Rassi, G. & McFarland, E.G. 
Diagnostic accuracy of clinical tests for the different degrees of subacromial 
impingement syndrome. JBone Joint Surg Am 87, 1446-55 (2005).
44. Michener, L.A., Walsworth, M.K., Doukas, W.C. & Murphy, K.P. Reliability 
and diagnostic accuracy of 5 physical examination tests and combination of 
tests for subacromial impingement. Arch Phys Med Rehabil 90, 1898-903 
(2009).
45. Alqunaee, M., Galvin, R. & Fahey, T. Diagnostic accuracy of clinical tests 
for subacromial impingement syndrome: a systematic review and meta­
analysis. Arch Phys Med Rehabil 93, 229-36 (2012).
46. Neer, C.S.I. Anterior acromioplasty for the chronic impingement syndrome 
in the shoulder. J Bone Joint Surg Am 54, 41-50 (1972).
47. Bandholm, T., Rasmussen, L., Aagaard, P., Jensen, B.R. & Diederichsen, L. 
Force steadiness, muscle activity, and maximal muscle strength in subjects 
with subacromial impingement syndrome. Muscle Nerve 34, 631-9 (2006).
48. Chester, R., Smith, T.O., Flooper, L. & Dixon, J. The impact of subacromial 
impingement syndrome on muscle activity patterns of the shoulder complex: 
A systematic review of electromyographic studies. BMC Musculoskelet 
Disord 11(2010).
49. Celik, D., Sirmen, B. & Demirhan, M. The relationship of muscle strength 
and pain in subacromial impingement syndrome. Acta Orthop Traumatol 
Pure AS, 79-84(2011).
50. Silva, L,, Andreu, J.L., Munoz, P., Pastrana, M., Millan, I., Sanz, J., 
Barbadillo, C. & Fernandez-Castro, M. Accuracy of physical examination in 
subacromial impingement syndrome. Rheumatology (Oxford) 47, 679-83 
(2008).
51. Mihata, T., Gates, J., McGarry, M.H., Lee, J., Kinoshita, M. & Lee, T.Q. 
Effect of rotator cuff muscle imbalance on forceful internal impingement and 
peel-back of the superior labrum: a cadaveric study. Am J Sports Med 37, 
2222-7 (2009).
52. Wang, H.K. & Cochrane, T. Mobility impairment, muscle imbalance, muscle 
weakness, scapular asymmetry and shoulder injury in elite volleyball 
athletes. J Sports Med Phys Fitness 41, 403-10 (2001).
53. Alizadehkhaiyat, O., Fisher, A.C., Kemp, G.J., Vishwanathan, K. & Frostick, 
S.P. Upper limb muscle imbalance in tennis elbow: a functional and 
electromyographic assessment. J Orthop Res 25, 1651-7 (2007).
54. Thigpen, C.A., Padua, D.A., Michener, L.A., Guskiewicz, K., Giuliani, C., 
Keener, J.D. & Stergiou, N. Head and shoulder posture affect scapular 
mechanics and muscle activity in overhead tasks. J Electromyogr Kinesiol 
20, 701-9(2010).
References 241
Subacromial Impingement Syndrome (2012)
55. Lewis, J.S., Wright, C. & Green, A. Subacromial impingement syndrome: the 
effect of changing posture on shoulder range of movement. J Orthop Sports 
Phys Ther 35, 72-87 (2005).
56. Morrison, D.S., Greenbaum, B.S. & Einhorn, A. Shoulder impingement. 
Orthop Clin North Am 31, 285-93 (2000).
57. Virta, L., Mortensen, M., Eriksson, R. & Moller, M. How many patients with 
subacromial impingement syndrome recover with physiotherapy? A follow­
up study of a supervised exercise programme. Advances in Physiotherapy 11, 
166-173 (2009).
58. MacDermid, J.C., Ghobrial, M., Quirion, K.B., St-Amour, M., Tsui, T., 
Humphreys, D., McCluskie, J., Shewayhat, E. & Galea, V. Validation of a 
new test that assesses functional performance of the upper extremity and 
neck (FIT-HaNSA) in patients with shoulder pathology. BMC Musculoskelet 
Disord 8,42-51 (2007).
59. Vecchio, P., Kavanagh, R., Hazleman, B.L. & King, R.H. Shoulder pain in a 
community-based rheumatology clinic. BrJ Rheumatol 34, 440-2 (1995).
60. Flatow, E.L., Soslowsky, L.J., Ticker, J.B., Pawluk, R.J., Hepler, M., Ark, J., 
Mow, V.C. & Bigliani, L.U. Excursion of the rotator cuff under the 
acromion. Patterns of subacromial contact. American Journal of Sports 
Medicine 22, 779-788 (1994).
61. Michener, L.A., McClure, P.W. & Karduna, A.R. Anatomical and 
biomechanical mechanisms of subacromial impingement syndrome. Clin 
Biomech (Bristol, Avon) 18, 369-79 (2003).
62. Fu, F.H., Hamer, C.D. & Klein, A.H. Shoulder impingement syndrome: A 
critical review. Clin Orthop Relat Res, 162-173 (1991).
63. Uhthoff, H.K., Hammond, D.I., Sarkar, K., Hooper, G.J. & Papoff, W.J. The 
role of the coracoacromial ligament in the impingement syndrome. A clinical, 
radiological and histological study. Int Orthop 12, 97-104 (1988).
64. Budoff, J.E., Nirschl, R.P. & Guidi, EJ. Debridement of partial-thickness 
tears of the rotator cuff without acromioplasty. Long-term follow-up and 
review of the literature. J Bone Joint SurgAm 80, 733-48 (1998).
65. Bigliani, L.U. & Levine, W.N. Current concepts review. Subacromial 
impingement syndrome. Journal of Bone and Joint Surgery - Series A 19, 
1854-1868 (1997).
66. Bae, Y.H., Lee, G.C., Shin, W.S., Kim, T.H. & Lee, S.M. Effect of motor 
control and strengthening exercises on pain, function, strength and the range 
of motion of patients with shoulder impingement syndrome. Journal of 
Physical Therapy Science 23, 687-692 (2011).
67. Ogata, S. & Uhthoff, H.K. Acromial enthesopathy and rotator cuff tear. A 
radiologic and histologic postmortem investigation of the coracoacromial 
arch. Clin Orthop RelatRes, 39-48 (1990).
68. Warner, J.J.P., Micheli, L.J., Arslanian, L.E., Kennedy, J. & Kennedy, R. 
Patterns of flexibility, laxity, and strength in normal shoulders and shoulders
References 242
Subacromial Impingement Syndrome (2012)
with instability and impingement. American Journal of Sports Medicine 18, 
366-375 (1990).
69. Leroux, J.L., Codine, P., Thomas, E., Pocholle, M., Mailhe, D. & Blotman, F. 
Isokinetic evaluation of rotational strength in normal shoulders and shoulders 
with impingement syndrome. Clin Orthop Relat Res, 108-115 (1994).
70. Bartolozzi, A., Andreychik, D. & Ahmad, S. Determinants of outcome in the 
treatment of rotator cuff disease. Clin Orthop Relat Res, 90-97 (1994).
71. Cools, A.M., Witvrouw, E.E., Declercq, G.A., Vanderstraeten, G.G. & 
Cambier, D.C. Evaluation of isokinetic force production and associated 
muscle activity in the scapular rotators during a protraction-retraction 
movement in overhead athletes with impingement symptoms. Br J Sports 
Med 38, 64-68 (2004).
72. Solem-Bertoft, E., Thuomas, K.A. & Westerberg, C.E. The influence of 
scapular retraction and protraction on the width of the subacromial space: An 
MRI study. Clin Orthop Relat Res, 99-103 (1993).
73. Wadsworth, D.J. & Bullock-Saxton, J.E. Recruitment patterns of the scapular 
rotator muscles in freestyle swimmers with subacromial impingement. Int J 
Sports Med 18, 618-24 (1997).
74. Harryman, D.T., Sidles, J.A., Clark, J.M., McQuade, K.J., Gibb, T.D. & 
Matsen, F.A. Translation of the humeral head on the glenoid with passive 
glenohumeral motion. J Bone Joint Surg Am 72, 1334-43 (1990).
75. Taylor, J.L., Allen, G.M., Butler, J.E. & Gandevia, S.C. Supraspinal fatigue 
during intermittent maximal voluntary contractions of the human elbow 
flexors. JAppl Physiol 89, 305-13 (2000).
76. Meyer, A.W. The minuter anatomy of attrition lesions. J. Bone and Joint 
Surg. 13, 341-360 (1931).
77. Codman, E.A. The shoulder: Rupture of the supraspinatus tendon and other 
lesions in or about the subacromial bursa, 513 (Todd company, Boston, 
Mass., 1934).
78. Armstrong, J.R. Excision of the acromion in treatment of the supraspinatus 
syndrome; report of 95 excisions. J Bone Joint Surg Br 31B, 436-42 (1949).
79. Me, L.H. & Asherman, E.G. Lesions of the musculotendinous cuff of the 
shoulder. IV. Some observations based upon the results of surgical repair. J 
Bone Joint Surg Am 33, 76-86 (1951).
80. Diamond, B. The Obstructing Acromion: Underlying diseases, clinical 
development, and surgery. The Obstructing Acromion: Underlying Diseases, 
Clinical Development, and Surgery, 72 (1964).
81. Neer, C.S.I. Impingement lesions. Clin Orthop Relat Res 173, 70-77 (1983).
82. McLaughlin, H.L. & Asherman, E.G. Lesions of the musculotendinous cuff 
of the shoulder. IV. Some observations based upon the results of surgical 
repair. J Bone Joint Surg Am 33, 76-86 (1951).
83. Hawkins, R., Saddemi, S. & Moor, J. Arthroscopic subacromial 
decompression: A 2-year follow-up study. Arthroscopy 8, 409 (1992).
References 243
Subacromial Impingement Syndrome (2012)
84. Hutchinson, M.R. & Veenstra, M.A. Arthroscopic decompression of shoulder 
impingement secondary to os acromiale. Arthroscopy 9, 28-32 (1993).
85. Lazarus, M.D., Chansky, H.A., Misra, S., Williams, G.R. & lannotti, J.P. 
Comparison of open and arthroscopic subacromial decompression. J 
Shoulder Elbow Surg 3, 1-11 (1994).
86. Lindh, M. & Norlin, R. Arthroscopic subacromial decompression versus 
open acromioplasty: A two- year follow-up study. Clin Orihop Relat Res, 
174-176 (1993).
87. Matthews, L.S., Burkhead, W.Z., Gordon, S., Racanelli, J. & Ruland, L. 
Acromial fracture: A complication of arthroscopic subacromial 
decompression. J Shoulder Elbow Surg 3, 256-261 (1994).
88. Adrian, E.D. & Bronk, D.W. The discharge of impulses in motor nerve
fibres: Part II. The frequency of discharge in reflex and voluntary
contractions. J Physiol 67, B-151 (1929).
89. Basmajian, J.V. The Surgical Anatomy and Function of the Arm-Trunk 
Mechanism. Surg Clin North Am 43, 1471-82 (1963).
90. Constant, C.R. Historical background, anatomy and shoulder function.
Baillieres Clin Rheumatol 3, 429-35 (1989).
91. Tillmann, B. & Tichy, P. [Functional anatomy of the shoulder].
Unfallchirurg 89, 389-97 (1986).
92. Hurov, J. Anatomy and Mechanics of the Shoulder: Review of Current 
Concepts. Journal of Hand Therapy 22, 328-343 (2009).
93. Miller, C.A., Ong, B.C., Jazrawi, L.M., Joseph, T., Heywood, C.S., Rosen, J. 
& Rokito, A.S. Assessment of clavicular translation after arthroscopic 
Mumford procedure: direct versus indirect resection—a cadaveric study. 
Arthroscopy'll, 64-8 (2005).
94. Armfield, D.R., Stickle, R.L., Robertson, D.D., Towers, J.D. & Debski, R.E. 
Biomechanical basis of common shoulder problems. Semin Musculoskelet 
Radiol 7, 5-18 (2003).
95. Pfuhl, W. Das subakromiale nebengelenk des schultergelenks. Morph Jb. 73, 
300-346 (1934).
96. Flatow, E.L., Ateshian, G.A., Soslowsky, L.J., Pawluk, R.J., Grelsamer, R.P., 
Mow, V.C. & Bigliani, L.U. Computer simulation of glenohumeral and 
patellofemoral subluxation. Estimating pathological articular contact. Clin 
Orthop Relat Res, 28-33 (1994).
97. Graichen, H., Bond, H,, Stammberger, T., Haubner, M., Rohrer, H., 
Englmeier, K.H., Reiser, M. & Eckstein, F. Three-dimensional analysis of 
the width of the subacromial space in healthy subjects and patients with 
impingement syndrome. AJRAm J Roentgenol 172, 1081-6 (1999).
98. Graichen, H., Stammberger, T., Bonel, H., Karl-Hans, E., Reiser, M. & 
Eckstein, F. Glenohumeral translation during active and passive elevation of 
the shoulder - a 3D open-MRI study. JBiomech 33, 609-13 (2000).
References 244
Subacromial Impingement Syndrome (2012)
99. Nordt, W.E., 3rd, Garretson, R.B., 3rd & Plotkin, E. The measurement of 
subacromial contact pressure in patients with impingement syndrome. 
Arthroscopy 15, 121-5 (1999).
100. Payne, L.Z., Deng, X.H., Craig, E.V., Torzilli, P.A. & Warren, R.F. The 
combined dynamic and static contributions to subacromial impingement. A 
biomechanical analysis. Am J Sports Med 25, 801-8 (1997).
101. Wuelker, N., Plitz, W. & Roetman, B. Biomechanical data concerning the 
shoulder impingement syndrome. Clin Orthop Relat Res, 242-249 (1994).
102. Paine, R.M. & Voight, M. The role of the scapula. J Orthop Sports Phys Ther 
18,386-91 (1993).
103. Lewis, J.S., Green, A. & Wright, C. Subacromial impingement syndrome: the 
role of posture and muscle imbalance. J Shoulder Elbow Surg 14, 385-92 
(2005).
104. Endo, K., Yukata, K. & Yasui, N. Influence of age on scapulo-thoracic 
orientation. Clin Biomech (Bristol, Avon) 19, 1009-13 (2004).
105. Haider, A., Zobitz, M.E., Schultz, F. & An, K.N. Mechanical properties of 
the posterior rotator cuff. Clin Biomech (Bristol, Avon) 15, 456-62 (2000).
106. Lippitt, S. & Matsen, F. Mechanisms of glenohumeral joint stability. Clin 
Orthop Relat Res, 20-8 (1993).
107. Kelkar, R., Wang, V.M., Flatow, E.L., Newton, P.M., Ateshian, G.A., 
Bigliani, L.U., Pawluk, RJ. & Mow, V.C. Glenohumeral mechanics: A study 
of articular geometry, contact, and kinematics. Journal of Shoulder and 
Elbow Surgery 10, 73-84 (2001).
108. Kedgley, A.E., Mackenzie, G.A., Ferreira, L.M., Drosdowech, D.S., King, 
G.J., Faber, KJ. & Johnson, J.A. Humeral head translation decreases with 
muscle loading. J Shoulder Elbow Surg 17, 132-8 (2008).
109. Huxel, K.C., Swanik, C.B., Swanik, K.A., Bartolozzi, A.R., Hillstrom, H.J., 
Sitler, M.R. & Moffit, D.M. Stiffness regulation and muscle-recruitment 
strategies of the shoulder in response to external rotation perturbations. J 
Bone Joint Surg Am 90, 154-62 (2008).
110. Kibler, W.B. Shoulder rehabilitation: principles and practice. Med SO Sports 
Exerc 30, 840-50(1998).
111. Basmajian, J.V. & De Luca, CJ. Muscles alive : their functions revealed by 
electromyography, (Williams & Wilkins, Baltimore, 1985).
112. Howell, S.M., Imobersteg, A.M., Seger, D.H. & Marone, PJ. Clarification of 
the role of the supraspinatus muscle in shoulder function. J Bone Joint Surg 
Am 68, 398-404 (1986).
113. Kibler, W.B. & McMullen, J. Scapular dyskinesis and its relation to shoulder 
pain. The Journal of the American Academy of Orthopaedic Surgeons 11, 
142-151 (2003).
114. Pradhan, R.L., Itoi, E., Shimizu, T., Wakabayashi, I. & Sato, K. Isokinetic 
external rotation strength of shoulder : correlation with age and muscle size. 
JNMA J Nepal Med Assoc 44, 143-51 (2005).
References 245
Subacromial Impingement Syndrome (2012)
115. Braman, J.P., Engel, S.C., Laprade, R.F. & Ludewig, P.M. In vivo 
assessment of scapulohumeral rhythm during unconstrained overhead 
reaching in asymptomatic subjects. JShoulder Elbow Surg 18, 960-7 (2009).
116. Ebaugh, D.D. & Spinelli, B.A. Scapulothoracic motion and muscle activity 
during the raising and lowering phases of an overhead reaching task. J 
Electromyogr Kinesiol 20, 199-205 (2010).
117. Saha, A.K. The classic. Mechanism of shoulder movements and a plea for the 
recognition of "zero position" of glenohumeral joint. Clin Orthop Relat Res, 
3-10 (1983).
118. McQuade, K.J. & Smidt, G.L. Dynamic scapulohumeral rhythm: The effects 
of external resistance during elevation of the arm in the scapular plane. 
Journal of Orthopaedic and Sports Physical Therapy 21, 125-131 (1998).
119. Matsuki, K., Matsuki, K.O., Mu, S., Yamaguchi, S., Ochiai, N., Sasho, T., 
Sugaya, H., Toyone, T., Wada, Y., Takahashi, K. & Banks, S.A. In vivo 3- 
dimensional analysis of scapular kinematics: comparison of dominant and 
nondominant shoulders. J Shoulder Elbow Surg 20, 659-65 (2011).
120. Odom, C.J., Taylor, A.B., Hurd, C.E. & Denegar, C.R. Measurement of 
scapular asymetry and assessment of shoulder dysfunction using the Lateral 
Scapular Slide Test: a reliability and validity study. Phys Ther 81, 799-809 
(2001).
121. Bagg, S.D. & Forrest, W.J. Electromyographic study of the scapular rotators 
during arm abduction in the scapular plane. Am J Phys Med 65, 111-124 
(1986).
122. Cochet, C., Filhol, O., Payrastre, B., Hunter, T. & Gill, G.N. Interaction 
between the epidermal growth factor receptor and phosphoinositide kinases. J 
Biol Chem 266, 637-44 (1991).
123. Ludewig, P.M., Cook, T.M. & Nawoczenski, D.A. Three-dimensional 
scapular orientation and muscle activity at selected positions of humeral 
elevation. J Orthop Sports Phys Ther 24, 57-65 (1996).
124. de Morais Faria, C.D.C., Teixeira-Salmela, L.F., De Paula Goulart, F.R. & 
De Souza Moraes, G.F. Scapular muscular activity with shoulder 
impingement syndrome during lowering of the arms. Clinical Journal of 
Sport Medicine 18,130-136 (2008).
125. McMahon, P.J. & McAllister, D.R. Arthroscopic subacromial decompression 
for the shoulder impingement syndrome. West J Med 163, 566-7 (1995).
126. Alpert, S.W., Pink, M.M., Jobe, F.W., McMahon, PJ. & Mathiyakom, W. 
Electromyographic analysis of deltoid and rotator cuff function under varying 
loads and speeds. Journal of Shoulder and Elbow Surgery 9, 47-58 (2000).
127. Kronberg, M., Nemeth, G. & Brostrom, L.A. Muscle activity and 
coordination in the normal shoulder. An electromyographic study. Clin 
Orthop Relat Res, 76-85 (1990).
128. Arwert, H.J., De Groot, J., Van Woensel, W.W.L.M. & Rozing, P.M. 
Electromyography of shoulder muscles in relation to force direction. Journal 
of Shoulder and Elbow Surgery 6, 360-370 (1997).
References 246
Subacromial Impingement Syndrome (2012)
129. Yanagawa, T., Goodwin, C.J., Shelburne, K.B., Giphart, J.E., Terry, M.R. & 
Pandy, M.G. Contributions of the individual muscles of the shoulder to 
glenohumeral joint stability during abduction. J Biomech Eng 130, 021024 
(2008).
130. Kim, W. & McKee, M.D. Management of Acute Clavicle Fractures. 
Orthopedic Clinics of North America 39, 491-505 (2008).
131. Yu, J., Ackland, D.C. & Pandy, M.G. Shoulder muscle function depends on 
elbow joint position: An illustration of dynamic coupling in the upper limb. 
Journal of Biomechanics 44, 1859-1868 (2011).
132. Borstad, J.D., Szucs, K. & Navalgund, A. Scapula kinematic alterations 
following a modified push-up plus task. Human Movement Science 28, 738- 
751 (2009).
133. Alizadehkhaiyat, O., Fisher, A.C., Kemp, G.J. & Frostick, S.P. Strength and 
fatigability of selected muscles in upper limb: assessing muscle imbalance 
relevant to tennis elbow. JElectromyogr Kinesiol 17, 428-36 (2007).
134. Conte, A.L., Marques, A.P., Casarotto, R.A. & Amado-Joao, S.M. 
Handedness influences passive shoulder range of motion in nonathlete adult 
women. J Manipulative Physiol Ther 32, 149-53 (2009).
135. Barnes, C.J., Van Steyn, S.J. & Fischer, R.A. The effects of age, sex, and 
shoulder dominance on range of motion of the shoulder. J Shoulder Elbow 
SurglQ, 242-6(2001).
136. Cahalan, T.D., Johnson, M.E. & Chao, E.Y. Shoulder strength analysis using 
the Cybex II isokinetic dynamometer. Clin Orthop Relat Res, 249-57 (1991).
137. Murray, M.P., Gore, D.R., Gardner, G.M. & Mollinger, L.A. Shoulder 
motion and muscle strength of normal men and women in two age groups. 
Clin Orthop Relat Res, 268-73 (1985).
138. Roy, J.S., Macdermid, J.C., Boyd, K.U., Faber, K.J., Drosdowech, D. & 
Athwal, G.S. Rotational strength, range of motion, and function in people 
with unaffected shoulders from various stages of life. Sports Med Arthrosc 
Rehabil Ther Technol 1, 4 (2009).
139. Harris, H. & Joseph, J. Variation in extension of the metacarpophalangeal 
and interphalangeal joints of the thumb. J. Bone Jt Surg 31, 347-359 (1949).
140. Al-Rawi, Z.S., Al-Aszawi, AJ. & Al-Chalabi, T. Joint mobility among 
university students in Iraq. Br J Rheumatol 24, 326-31 (1985).
141. Kirk, J.A., Ansell, B.M. & Bywaters, E.G. The hypermobility syndrome. 
Musculoskeletal complaints associated with generalized joint hypermobility. 
Ann Rheum Dis 26, 419-25 (1967).
142. Beighton, P., Solomon, L. & Soskolne, C.L. Articular mobility in an African 
population. Ann Rheum Dis 32, 413-8 (1973).
143. Carter, C. & Wilkinson, J. Persistent Joint Laxity and Congenital Dislocation 
of the Hip. J Bone Joint SurgBr 46, 40-5 (1964).
144. Kuhlman, J.R., lannotti, J.P., Kelly, M.J., Riegler, F.X., Gevaert, M.L. & 
Ergin, T.M. Isokinetic and isometric measurement of strength of external
References 247
Subacromial Impingement Syndrome (2012)
rotation and abduction of the shoulder. J Bone Joint Sung Am 74, 1320-33 
(1992).
145. Hughes, R.E., Johnson, M.E., O'Driscoll, S.W. & An, K.N. Age-related 
changes in normal isometric shoulder strength. Am J Sports Med 27, 651-7 
(1999).
146. Hughes, R.E., Johnson, M.E., O'Driscoll, S.W. & An, K.N. Normative values 
of agonist-antagonist shoulder strength ratios of adults aged 20 to 78 years. 
At'ch Phys Med Rehabil 80, 1324-6 (1999).
147. De Luca, C.J., Sabbahi, M.A. & Roy, S.H. Median frequency of the 
myoelectric signal. Effects of hand dominance. Eur J Appl Physiol Occup 
Physiol 55, 457-64 (1986).
148. Adam, A., De Luca, CJ. & Erim, Z. Hand dominance and motor unit firing 
behavior. J Neurophysiol 80, 1373-1382 (1998).
149. Tan, U. Velocities of motor and sensory nerve conduction are the same for 
right and left arms in right- and left-handed normal subjects. Percept Mot 
Skills 60, 625-626 (1985).
150. Cureton, T.K. Bodily posture as an indicator of fitness. Res Q 12, 346-67 
(1941).
151. Raine, S.T., L. Posture of the head, shoulders and thoracic spine in comfortab 
le erect standing. Australian Journal of Physiotherapy 40, 25-32 (1994).
152. Refshauge, K.B., L.; Goodsell, Michalene. The Relationship between 
cervicothoracic posture and the presence of pain. 3, 21-24 (1995),
153. Hanten, W.P., Lucio, R.M., Russell, J.L. & Brunt, D, Assessment of total 
head excursion and resting head posture. Arch Phys Med Rehabil 72, 877-80 
(1991).
154. Raine, S. & Twomey, L.T. Head and shoulder posture variations in 160 
asymptomatic women and men. Arch Phys Med Rehabil 78, 1215-23 (1997).
155. Hanten, W.P., Olson, S.L., Russell, J.L., Lucio, R.M. & Campbell, A.H. 
Total head excursion and resting head posture: normal and patient 
comparisons. Arch Phys Med Rehabil 81, 62-6 (2000).
156. Braun, B.L. Postural differences between asymptomatic men and women and 
craniofacial pain patients. Arch Phys Med Rehabil 72, 653-6 (1991).
157. Luime, J.J., Koes, B.W., Hendriksen, I.J., Burdorf, A., Verhagen, A.P., 
Miedema, H.S. & Verhaar, J.A. Prevalence and incidence of shoulder pain in 
the general population; a systematic review. Scand J Rheumatol 33, 73-81 
(2004).
158. van der Heijden, I.M., Wilbrink, B., Schouls, L.M., van Embden, J.D., 
Breedveld, F.C. & Tak, P.P. Detection of mycobacteria in joint samples from 
patients with arthritis using a genus-specific polymerase chain reaction and 
sequence analysis. Rheumatology (Oxford) 38, 547-53 (1999).
159. Nygren, A., Berglund, A. & von Koch, M. Neck-and-shoulder pain, an 
increasing problem. Strategies for using insurance material to follow trends. 
Scand J Rehabil Med Suppl 32, 107-12 (1995).
References 248
Subacromial Impingement Syndrome (2012)
160. Roqnelaure, Y., Ha, C., Leclerc, A., Touranchet, A., Sauteron, M., Melchior, 
M., Imbernon, E. & Goldberg, M. Epidemiologic surveillance of upper- 
extremity musculoskeletal disorders in the working population. Arthritis 
Rheum 55, 765-78 (2006).
161. Grieve, J.R. & Dickerson, C.R. Overhead work: Identification of evidence- 
based exposure guidelines. Occupational Ergonomics 8, 53-66 (2008).
162. Lo, Y.P., Hsu, Y.C. & Chan, K.M. Epidemiology of shoulder impingement in 
upper arm sports events. Br J Sports Med 24, 173-7 (1990).
163. Elert, 1., Sterner, Y., Nyberg, V. & Gerdle, B. Lack of gender differences in 
the ability to relax between repetitive maximum isokinetic shoulder forward 
flexions: a population-based study among northern Swedes. Eur J Appl 
Physiol 83, 246-56 (2000).
164. Milgrom, C., Schaffler, M., Gilbert, S. & van Holsbeeck, M. Rotator-cuff 
changes in asymptomatic adults. The effect of age, hand dominance and 
gender. J Bone Joint Surg Br 77, 296-8 (1995).
165. Bongers, P.M. The cost of shoulder pain at work. BMJ 322, 64-65 (2001).
166. Jobe, C.M. Superior glenoid impingement. Orthop Clin North Am 28, 137-43 
(1997).
167. Chauhan, S.K., Peckham, T. & Turner, R. Impingement syndrome associated 
with whiplash injury. J Bone Joint Surg Br 85, 408-10 (2003).
168. Muddu, B.N., Umaar, R., Kim, W.Y., Zenios, M., Brett, I. & Sharma, Y. 
Whiplash injury of the shoulder: is it a distinct clinical entity? Acta Orthop 
Belgll, 385-7 (2005).
169. Abbassian, A. & Giddins, G.E. Subacromial impingement in patients with 
whiplash injury to the cervical spim. J Orthop Surg Res 3, 25 (2008).
170. Jobe, F.W. & Kvitne, R.S. Shoulder pain in the overhand or throwing athlete. 
The relationship of anterior instability and rotator cuff impingement. 
Orthopaedic Review 18, 963-975 (1989).
171. Burkhart, S.S., Morgan, C.D. & Kibler, W.B. The disabled throwing 
shoulder: spectrum of pathology Part III: The SICK scapula, scapular 
dyskinesis, the kinetic chain, and rehabilitation. Arthroscopy 19, 641-61 
(2003).
172. Kibler, W.B. Scapular involvement in impingement: signs and symptoms. 
Instr Course Lect 55, 35-43 (2006).
173. Kibler, W.B. Scapular dysfunction. Athletic Therapy Today 11, 6-9 (2006).
174. Neer, C.S.I. & Welsh, R.P. The shoulder in sports. Orthop Clin North Am 8, 
583-91 (1977).
175. Neviaser, T.J. Weight lifting. Risks and injuries to the shoulder. Clin Sports 
Med 10, 615-21 (1991).
176. van der Windt, D.A., Thomas, E., Pope, D.P., de Winter, A.F., Macfarlane, 
G.J., Bouter, L.M. & Silman, A.J. Occupational risk factors for shoulder 
pain: a systematic review. Occup Environ Med 57, 433-42 (2000).
References 249
Subacromial Impingement Syndrome (2012)
111. Buchman, A.S., Boyle, P.A., Wilson, R.S., Bienias, J.L. & Bennett, D.A. 
Physical activity and motor decline in older persons. Muscle and Nerve 35, 
354-362 (2007).
178. Kane, S.M., Dave, A., Haque, A. & Langston, K. The incidence of rotator 
cuff disease in smoking and non-smoking patients: a cadaveric study. 
Orthopedics 29, 363-6 (2006).
179. Kane, S., Conus, S., Haltom, D., Hirshorn, K., Pak, Y. & Vigdorchik, J. A 
Shoulder Health Survey: Correlating Behaviors and Comorbidities With 
Shoulder Problems. Sports Health: A Multidisciplinary Approach 2, 119-134 
(2010).
180. Janda, V. & Kadlec, M. [Questions of rehabilitation of aged orthopedic 
patients]. Acta Chir Orthop Traumatol Cech 49, 480-2 (1982).
181. Wuelker, N., Korell, M. & Thren, K. Dynamic glenohumeral joint stability. 
Journal of Shoulder and Elbow Surgery 7, 43-52 (1998).
182. Cools, A.M., Witvrouw, E.E., Declercq, G.A., Danneels, L.A. & Cambier, 
D.C. Scapular muscle recruitment patterns: trapezius muscle latency with and 
without impingement symptoms. Am J Sports Med 31, 542-9 (2003).
183. Falla, D., Farina, D. & Graven-Nielsen, T. Experimental muscle pain results 
in reorganization of coordination among trapezius muscle subdivisions 
during repetitive shoulder flexion. Exp Brain Res 178, 385-93 (2007).
184. Graven-Nielsen, T. & Arendt-Nielsen, L. Impact of clinical and experimental 
pain on muscle strength and activity. Curr Rheumatol Rep 10, 475-81 (2008).
185. Frontera, W.R., Hughes, V.A., Krivickas, L.S., Kim, S.K., Foldvari, M. & 
Roubenoff, R. Strength training in older women: early and late changes in 
whole muscle and single cells. Muscle Nerve 28, 601-8 (2003).
186. Frontera, W.R., Meredith, C.N., O'Reilly, K.P., Knuttgen, H.G. & Evans, 
W.J. Strength conditioning in older men: skeletal muscle hypertrophy and 
improved function. JApplPhysiol 64, 1038-44 (1988).
187. Hughes, V.A., Frontera, W.R., Dallal, G.E., Lutz, K.J., Fisher, E.C. & Evans, 
W.J. Muscle strength and body composition: associations with bone density 
in older subjects. Med Sci Sports Exerc 27, 967-74 (1995).
188. Hughes, V.A., Frontera, W.R., Wood, M., Evans, W.J., Dallal, G.E., 
Roubenoff, R. & Fiatarone Singh, M.A. Longitudinal muscle strength 
changes in older adults: influence of muscle mass, physical activity, and 
hoalth. J Gei'ontol A Biol Sci Med Sci 56, B209-17 (2001).
189. Aniansson, A., Hedberg, M., Henning, G.B. & Grimby, G. Muscle 
morphology, enzymatic activity, and muscle strength in elderly men: a 
follow-up study. Muscle Nerve 9, 585-91 (1986).
190. Leffler, A.S., Kosek, E. & Hansson, P. Injection of hypertonic saline into 
musculus infraspinatus resulted in referred pain and sensory disturbances in 
the ipsilateral upper arm. EurJPain 4, 73-82 (2000).
191. Sivan, M„ Venkateswaran, B., Mullett, H,, Even, T., Khan, S., Copeland, S. 
& Levy, O. Peripheral paresthesia in patients with subacromial impingement 
syndrome. Arch Orthop Trauma Surg 127, 609-12 (2007).
References 250
Subacromial Impingement Syndrome (2012)
192. Fields, H.L. & Heinricher, M.M. Anatomy and physiology of a nociceptive 
modulatory system. Philos Trans R Soc LondB Biol Sci 308, 361-74 (1985).
193. Gwilym, S.E., Oag, H.C., Tracey, I. & Carr, A.J. Evidence that central 
sensitisation is present in patients with shoulder impingement syndrome and 
influences the outcome after surgery. J Bom Joint Surg Br 93, 498-502 
(2011).
194. Svensson, P. & Arendt-Nielsen, L. Induction and assessment of experimental 
muscle pain. JElectromyogr Kinesiol 5, 131-40 (1995).
195. Kehl, LJ. & Fairbanks, C.A. Experimental animal models of muscle pain and 
analgesia. Exerc Sport Sci Rev 31, 188-94 (2003).
196. Diederichsen, L.P., Whither, A., Dyhre-Poulsen, P., Krogsgaard, M.R. & 
Norregaard, J. The influence of experimentally induced pain on shoulder 
muscle activity. Exp Brain Res 194, 329-37 (2009).
197. Bandholm, T., Rasmussen, L., Aagaard, P., Diederichsen, L. & Jensen, B.R. 
Effects of experimental muscle pain on shoulder-abduction force steadiness 
and muscle activity in healthy subjects. Eur J Appl Physiol 102, 643-50 
(2008).
198. Travell, J., Rinzter, S. & Herman, M. Pain and disability of the shoulder and 
arm. JAMA 120, 417-422 (1942).
199. Johansson, H. & Sojka, P. Pathophysiological mechanisms involved in 
genesis and spread of muscular tension in occupational muscle pain and in 
chronic musculoskeletal pain syndromes: a hypothesis. Med Hypotheses 35, 
196-203 (1991).
200. Turner, J.A. & Chapman, C.R. Psychological interventions for chronic pain: 
a critical review. II. Operant conditioning, hypnosis, and cognitive-behavioral 
therapy. Pain 12, 23-46 (1982).
201. Romano, J.M. & Turner, J.A. Chronic pain and depression: does the evidence 
support a relationship? Psychol Bull 97, 18-34 (1985).
202. Knorring, L. The exerience of pain in depressed patients. A clinical and 
experimental study. Neuropsychobiology 1, 155-65 (1975).
203. Blanchard, E.B., Andrasik, F., Arena, J.G. & Teders, S.J. Variation in 
meaning of pain descriptors for different headache types as revealed by 
psychophysical scaling. Headache 22, 137-9 (1982).
204. Janda, V., Miratsky, Z., Obrda, K. & Vele, F. The concept of rehabilitation in 
neurology. Cesk Neurol 27, 341-5 (1964).
205. Sahrmann, S.A. Muscle imbalances in the orthopaedic and neurologic 
patient. In proceedings of the 10th International Congress of the World 
Confederation for Physical Therapy. Sydney, 836-841 (1987).
206. Cailliet, R. Soft Tissue Pain and Disability, 313 (F.A. Davis, Philadelphia 
1977).
207. Cailliet, R. Shoulder Pain, 277 (F.A. Davis Philadelphia, 1991).
References 251
Subacromial Impingement Syndrome (2012)
208. Karduna, A.R., Kernel*, P.J. & Lazarus, M.D. Contact forces in the 
subacromial space: Effects of scapular orientation. Journal of Shoulder and 
Elbow Surgery 14, 393-399 (2005).
209. Bowling, R.W., Rockar, P.A., Jr. & Erhard, R. Examination of the shoulder 
complex. Phys Ther 66, 1866-77 (1986).
210. Martins, J., Tucci, H.T., Andrade, R., Araujo, R.C., Bevilaqua-Grossi, D. & 
Oliveira, A.S. Electromyographic amplitude ratio of serratus anterior and 
upper trapezius muscles during modified push-ups and bench press exercises. 
J Strength Cond Res 22, 477-84 (2008).
211. Jobe, F.W. & Jobe, C.M. Painful athletic injuries of the shoulder. Clin 
Orthop Relat Res, 117-24 (1983).
212. Meister, K. & Andrews, J.R. Classification and treatment of rotator cuff 
injuries in the overhand athlete. J Orthop Sports Phys Ther 18, 413-21 
(1993).
213. Ozaki, J., Fujimoto, S., Nakagawa, Y., Masuhara, K. & Tamai, S. Tears of 
the rotator cuff of the shoulder associated with pathological changes in the 
acromion. A study in cadavera. J Bone Joint Surg Am 70, 1224-30 (1988).
214. Edelson, J.G., Zuckerman, J. & Hershkovitz, I. Os acromiale: anatomy and 
surgical mvp\\c,atio\\s. J Bone Joint Surg Br 15, 551-5 (1993).
215. Soslowsky, L.J., An, C.H., Johnston, S.P. & Carpenter, J.E. Geometric and 
mechanical properties of the coracoacromial ligament and their relationship 
to rotator cuff disease. Clin Orthop Relat Res, 10-17 (1994).
216. Riand, N., Levigne, C., Renaud, E. & Walch, G. Results of derotational 
humeral osteotomy in posterosuperior glenoid impingement. Am J Sports 
Med 26,453-9(1998).
217. Matsen, F.A. & Arntz, C.T. Rotator cuff tendon failure, in The shoulder (eds. 
Rockwood, C.A. & Matsen, F.A.) 647-71 (WB Saunders, Philadelphia 1990).
218. Kibler, W.B. Role of the scapla in the overhead throwing motion. 
Contemporary Orthopaedics 22, 525-532 (1991).
219. Warner, J.J.P., Micheli, L.J., Arslanian, L.E., Kennedy, J. & Kennedy, R. 
Scapulothoracic motion in normal shoulders and shoulders with 
glenohumeral instability and impingement syndrome: A study using Moire 
topographic analysis. Clin Orthop Relat Res, 191-199 (1992).
220. Ayub, E. Posture and the upper quarter, in Physical Therapy of the Shoulder 
(ed. Donatelli, R.A.) 81-90 (Churchill Livingstone, New York, 1991).
221. Glousman, R., Jobe, F., Tibone, J., Moynes, D., Antonelli, D. & Perry, J. 
Dynamic electromyographic analysis of the throwing shoulder with 
glenohumeral instability. J Bone Joint Surg Am 70, 220-6 (1988).
222. Szeto, G.P., Straker, L. & Raine, S. A field comparison of neck and shoulder 
postures in symptomatic and asymptomatic office workers. Appl Ergon 33, 
75-84 (2002).
223. Bot, S.D., Terwee, C.B., van der Windt, D.A., Bouter, L.M., Dekker, J. & de 
Vet, H.C. Clinimetric evaluation of shoulder disability questionnaires: a 
systematic review of the literature. Ann Rheum Dis 63, 335-41 (2004).
References 252
Subacromial Impingement Syndrome (2012)
224. Rockwood, C.A. & Lyons, F.R. Shoulder impingement syndrome: Diagnosis, 
radiographic evaluation, and treatment with a modified Neer acromioplasty. 
Journal of Bone and Joint Surgery - Series A 75, 409-424 (1993).
225. Hyvonen, P., Lantto, V. & Jalovaara, P. Local pressures in the subacromial 
space. Int Orthop 27, 373-7 (2003).
226. Williams, A., Calvert, P. & Bayley, L The bifurcate coracoacromial ligament: 
an arthroscopic variant. Arthroscopy 13, 233-4 (1997).
227. Patel, V.R., Singh, D., Calvert, P.T. & Bayley, J.I. Arthroscopic subacromial 
decompression: results and factors affecting outcome. JShoulder Elbow Surg 
8, 231-7(1999).
228. Leroux, J.L., Thomas, E., Bonnel, F. & Blotman, F. Diagnostic value of 
clinical tests for shoulder impingement syndrome. Rev Rhum Engl Ed 62, 
423-8 (1995).
229. Ure, B.M., Tiling, T., Kirchner, R. & Rixen, D. [Reliability of clinical 
examination of the shoulder in comparison with arthroscopy. A prospective 
study]. Unfallchirurg 96, 382-6 (1993).
230. MacDonald, P.B., Clark, P. & Sutherland, K. An analysis of the diagnostic 
accuracy of the Hawkins and Neer subacromial impingement signs. J 
Shoulder Elbow Surg 9, 299-301 (2000).
231. Holtby, R. & Razmjou, H. Measurement properties of the Western Ontario 
rotator cuff outcome measure: a preliminary report. J Shoulder Elbow Surg 
14,506-10 (2005).
232. Dekkers-Sanchez, P.M., Hoving, J.L., Sluiter, J.K. & Frings-Dresen, M.H. 
Factors associated with long-term sick leave in sick-listed employees: a 
systematic review. Occup Environ Med 65, 153-7 (2008).
233. Hawkins, R.J., Misamore, G.W. & Hobeika, P.E. Surgery for full-thickness 
notaior-cuff tQ&xs,. J Bone Joint Surg Am 61, 1349-55 (1985).
234. Hawkins, R.J. & Abrams, J.S. Impingement syndrome in the absence of 
rotator cuff tear (stages 1 and 2). Orthop Clin North Am 18, 373-82 (1987).
235. Biering-Sorensen, F. Physical measurements as risk indicators for low-back 
trouble over a one-year period. Spine (Phila Pa 1976) 9, 106-19 (1984).
236. Doherty, TJ. The influence of aging and sex on skeletal muscle mass and 
strength. Curr Opin Clin Nutr Metab Care 4, 503-8 (2001).
237. Gallagher, D., Visser, M. & De Meersman, R.E. Appendicular skeletal 
muscle mass: effects of age, gender, and etnicity. Journal of Applied 
Physiology 83, 229-239 (1997).
238. Janssen, I., Heymefield, S.B., Wang, Z.M. & Ross, R. Skeletal muscle mass 
and distribution in 468 men and women aged 18-88 yr. Journal of Applied 
Physiology $9, 81-88 (2000).
239. Leggin, B.G., Neuman, R.M., lannotti, J.P., Williams, G.R. & Thompson, 
E.C. Intrarater and interrater reliability of three isometric dynamometers in 
assessing shoulder strength. J Shoulder Elbow Surg 5, 18-24 (1996).
References 253
Subacromial Impingement Syndrome (2012)
240. MacDermid, J.C., Ramos, J., Drosdowech, D., Faber, K. & Patterson, S. The 
impact of rotator cuff pathology on isometric and isokinetic strength, 
function, and quality of life. J Shoulder Elbow Surg 13, 593-8 (2004).
241. Desrosiers, J., Bravo, G. & Hebert, R. Isometric grip endurance of healthy 
elderly men and women. Arch Gerontol Geriatr 24, 75-85 (1997).
242. Greenfield, B, & Johanson, M. Isokinetic and isometric measurement of 
strength of external rotation and abduction of the shoulder. J Bone Joint Surg 
Am 75, 1254(1993).
243. Celik, D., Akyuz, G. & Yeldan, I. [Comparison of the effects of two different 
exercise programs on pain in subacromial impingement syndrome], Acta 
Orthop Traumatol Turc 43, 504-9 (2009).
244. Dinnes, J., Loveman, E., McIntyre, L. & Waugh, N. The effectiveness of 
diagnostic tests for the assessment of shoulder pain due to soft tissue 
disorders: a systematic review. Health Technol Assess 7, iii, 1-166 (2003).
245. Hawkins, R.J. & Kennedy, J.C. Impingement syndrome in athletes. American 
Journal of Sports Medicine 8,151-158 (1980).
246. Zachazewski, J.E., Magee, D.J., Quillen, W.S., Pink, M.M. & Jobe, F.W. 
Biomechanics of swimming, in Athletic injuries and rehabilitation (eds. 
Zachazewski, J.E., Magee, DJ. & Quillen, W.S.) 317-331 (WB Saunders, 
Philadelphia, 1996).
247. Bak, K. & Fauno, P. Clinical findings in competitive swimmers with 
shoulder pain. Am J Sports Med 25, 254-60 (1997).
248. Murrell, G.A. & Walton, J.R. Diagnosis of rotator cuff tears. Lancet 357, 
769-70 (2001).
249. Calis, M., Akgun, K., Birtane, M., Karacan, I., Calis, H. & Tuzun, F. 
Diagnostic values of clinical diagnostic tests in subacromial impingement 
syndrome. Ann Rheum Dis 59, 44-7 (2000).
250. Flermann, B. & Rose, D.W. Value of anamnesis and clinical examination in 
degenerative impingement syndrome in comparison with surgical findings--a 
prospective study. Z Orthop Ihre Grenzgeb 134, 166-70 (1996).
251. Yergason, R.M. Supination sign. J Bone Joint Surg Brl2>, 160 (1931).
252. Bennett, W.F. Specificity of the Speed's test: arthroscopic technique for 
evaluating the biceps tendon at the level of the bicipital groove. Arthroscopy 
14, 789-96 (1998).
253. Young, C., Nanda, R., Liow R, L. & Rangan, A. Diagnostic accuracy of 
clinical signs in rotator cuff disease J Bone Joint Surg Br 85, 69 (2003).
254. Adams, J.C. Outline of Orthopaedics. , (London and Edinburgh: E. and S. 
Livingstone, 1955).
255. Hertel, R., Ballmer, F.T., Lombert, S.M. & Gerber, C. Lag signs in the 
diagnosis of rotator cuff rupture. J Shoulder Elbow Surg 5, 307-13 (1996).
256. Kelly, B.T., Kadrmas, W.R. & Speer, K.P. The manual muscle examination 
for rotator cuff strength. An electromyographic investigation. Am J Sports 
Met/24, 581-8 (1996).
References 254
Subacromial Impingement Syndrome (2012)
257. Itoi, E., Kido, T., Sano, A., Urayama, M. & Sato, K. Which is more useful, 
the "full can test" or the "empty can test," in detecting the torn supraspinatus 
tendon? Am JSports Med 27, 65-8 (1999).
258. Zaslav, K.R. Internal rotation resistance strength test: a new diagnostic test to 
differentiate intra-articular pathology from outlet (Neer) impingement 
syndrome in the shoulder. J Shoulder Elbow Surg 10, 23-7 (2001).
259. Gerber, C. & Krushell, R.J. Isolated rupture of the tendon of the 
subscapularis muscle. Clinical features in 16 cases. J Bone Joint Surg Br 73, 
389-94(1991).
260. Ambacher, T. & Holz, U. Ruptures of the subscapular tendon. A diagnostic 
problem? Unfallchirurg 105, 486-91 (2002).
261. Hawkins, R.J., Schutte, J.P. & Huckell, G.J. The assessment of glenohumeral 
translation using manual and fluoroscopic techniques. Orthop Trans 12, 727- 
29 (1988).
262. Gerber, C. & Ganz, R. Clinical assessment of instability of the shoulder. 
With special reference to anterior and posterior drawer tests. J Bone Joint 
Surg Br 66, 551 -6 (1984).
263. Neer, C.SJ. & Foster, C.R. Inferior capsular shift for involuntary inferior and 
multidirectional instability of the shoulder. A preliminary report. J Bone 
Joint Surg Am 62, 897-908 (1980).
264. Lo, I.K., Nonweiler, B., Woolfrey, M., Litchfield, R. & Kirkley, A. An 
evaluation of the apprehension, relocation, and surprise tests for anterior 
shoulder instability. Am J Sports Med 52, 301-7 (2004).
265. Leffert, R.D. & Gumley, G. The relationship between dead arm syndrome 
and thoracic outlet syndrome. Clin Orthop Relat Res, 20-31 (1987).
266. Kibler, W.B. Specificity and sensitivity of the anterior slide test in throwing 
athletes with superior glenoid labral tears. Arthroscopy 11, 296-300 (1995).
267. Liu, S.H., Henry, M.H. & Nuccion, S.L. A prospective evaluation of a new 
physical examination in predicting glenoid labral tears. Am J Sports Med 24, 
721-5 (1996).
268. Berg, E.E. & Ciullo, J.V. A clinical test for superior glenoid labral or 'SLAP' 
lesions. Clin J Sport Med 121-3 (1998).
269. O'Brien, S.J., Pagnani, M.J., Fealy, S., McGlynn, S.R. & Wilson, J.B. The 
active compression test: a new and effective test for diagnosing labral tears 
and acromioclavicular joint abnormality. Am J Sports Med 26, 610-3 (1998).
270. Mimori, K., Muneta, T., Nakagawa, T. & Shinomiya, K. A new pain 
provocation test for superior labral tears of the shoulder. Am J Sports Med 27, 
137-42(1999).
271. Kim, S.H., Ha, K.I. & Han, K.Y. Biceps load test: a clinical test for superior 
labrum anterior and posterior lesions in shoulders with recurrent anterior 
A\s\oc&t\om. Am J Sports Med 21, 300-3 (1999).
272. Kim, S.H., Ha, K.I., Ahn, J.H., Kim, S.H. & Choi, FI.J. Biceps load test II: A 
clinical test for SLAP lesions of the shoulder. Arthroscopy 17, 160-4 (2001).
References 255
Subacromial Impingement Syndrome (2012)
273. Davidson, M. The interpretation of diagnostic tests: A primer for 
physiotherapists. Australian Journal of Physiotherapy 48, 227-233 (2002).
274. Naredo, E., Aguado, P., De Miguel, E., Uson, J., Mayordomo, L., Gijon- 
Banos, J. & Martin-Mola, E. Painful shoulder: comparison of physical 
examination and ultrasonographic findings. Ann Rheum Dis 61, 132-6 
(2002).
275. Holtby, R. & Razmjou, H. Validity of the supraspinatus test as a single 
clinical test in diagnosing patients with rotator cuff pathology. J Orthop 
Sports Phys Ther34, 194-200 (2004).
276. Park, J.Y., Park, S.G., Keum, J.S, Oh, J.H. & Park, J.S. The diagnosis and 
prognosis of impingement syndrome in the shoulder with using quantitative 
SPECT assessment: a prospective study of 73 patients and 24 volunteers. 
Clin Orthop Surg 1, 194-200 (2009).
277. Organization, W.H. International classification of functioning, disability, and 
health: IGF.. (WHO, Geneva, 2001).
278. Constant, C.R. & Murley, A.H. A clinical method of functional assessment of 
the shoulder. Clin Orthop Relat Res, 160-4 (1987).
279. Dawson, J., Hill, G., Fitzpatrick, R. & Carr, A. The benefits of using patient- 
based methods of assessment. Medium-term results of an observational study 
of shoulder surgery. J Bone Joint Surg Br 83, 877-82 (2001).
280. Dawson, J., Hill, G., Fitzpatrick, R. & Carr, A. Comparison of clinical and 
patient-based measures to assess medium-term outcomes following shoulder 
surgery for disorders of the rotator cuff. Arthritis Rheum 47, 513-9 (2002).
281. Cloke, D.J., Lynn, S.E., Watson, H., Steen, I.N., Purdy, S. & Williams, J.R. 
A comparison of functional, patient-based scores in subacromial 
impingement. J Shoulder Elbow Surg 14, 380-4 (2005).
282. Olley, L.M. & Carr, A.J. The use of a patient-based questionnaire (the 
Oxford Shoulder Score) to assess outcome after rotator cuff repair. Ann R 
Coll Surg Engl 9$, 326-31 (2008).
283. Dawson, J., Rogers, K., Fitzpatrick, R. & Carr, A. The Oxford shoulder score 
revisited. Arch Orthop Trauma Surg 129, 119-23 (2009).
284. Brinker, M.R., Cuomo, J.S., Popham, G.J., O'Connor, D.P. & Barrack, R.L. 
An examination of bias in shoulder scoring instruments among healthy 
collegiate and recreational athletes. J Shoulder Elbow Surg 11, 463-9 (2002).
285. Hudak, P.L., Amadio, P.C. & Bombardier, C. Development of an upper 
extremity outcome measure: the DASH (disabilities of the arm, shoulder and 
hand) [corrected]. The Upper Extremity Collaborative Group (UECG). Am J 
IndMed 29, 602-8 (1996).
286. Beaton, D.E., Katz, J.N., Fossel, A.FL, Wright, J.G., Tarasuk, V. & 
Bombardier, C. Measuring the whole or the parts? Validity, reliability, and 
responsiveness of the Disabilities of the Arm, Shoulder and Hand outcome 
measure in different regions of the upper extremity. J Hand Ther 14, 128-46 
(2001).
References 256
Subacromial Impingement Syndrome (2012)
287. Gabel, C.P., Michener, L.A., Burkett, B. & Neller, A. The Upper Limb 
Functional Index: Development and Determination of Reliability, Validity, 
and Responsiveness. Journal of Hand Therapy 19, 328-349 (2006).
288. Zigmond, A.S. & Snaith, R.P. The hospital anxiety and depression scale. 
Acta Psychiatr Scand 67, 361-70 (1983).
289. Bjelland, I., Dahl, A.A., Haug, T.T. & Neckelmann, D. The validity of the 
Hospital Anxiety and Depression Scale. An updated literature review. J 
Psychosom Res 52, 69-77 (2002).
290. Alizadehkhaiyat, O., Fisher, A.C., Kemp, G.J. & Frostick, S.P. Pain, 
functional disability, and psychologic status in tennis elbow. Clin J Pain 23, 
482-9 (2007).
291. el-Rufaie, O.E. & Absood, G.H. Retesting the validity of the Arabic version 
of the Hospital Anxiety and Depression (HAD) scale in primary health care. 
Soc Psychiatry Psychiatr Epidemiol 30, 26-31 (1995).
292. Lloyd-Williams, M., Friedman, T. & Rudd, N. An analysis of the validity of 
the Hospital Anxiety and Depression scale as a screening tool in patients with 
advanced metastatic cancer. J Pain Symptom Manage 22, 990-6 (2001).
293. Stafford, L., Berk, M. & Jackson, HJ. Validity of the Hospital Anxiety and 
Depression Scale and Patient Health Questionnaire-9 to screen for depression 
in patients with coronary artery disease. Gen Hasp Psychiatry 29, 417-24 
(2007).
294. Reda, A.A. Reliability and validity of the Ethiopian version of the hospital 
anxiety and depression scale (HADS) in HIV infected patients. PLoS ONE 6, 
el 6049 (2011).
295. Pallant, J.F. & Bailey, C.M. Assessment of the structure of the Hospital 
Anxiety and Depression Scale in musculoskeletal patients. Health Qual Life 
Outcomes 3, 82 (2005).
296. Hawkes, D. Thesis submitted in accordance with the requirements of the 
University of Liverpool for the degree of Master of Philosophy (MPhil), 
(2009).
297. Melzack, R. & Torgerson, W.S. On the language of pain. Anesthesiology 34, 
50-9 (1971).
298. Melzack, R. The McGill Pain Questionnaire: major properties and scoring 
methods. Pain 1, 277-99 (1975).
299. Wilkie, D.J., Savedra, M.C., Holzemer, W.L., Tesler, M.D. & Paul, S.M. Use 
of the McGill Pain Questionnaire to measure pain: a meta-analysis. Nurs Res 
39,36-41 (1990).
300. Kremer, E. & Atkinson, J.H., Jr. Pain measurement: construct validity of the 
affective dimension of the McGill Pain Questionnaire with chronic benign 
pain patients. Pain 11, 93-100 (1981).
301. Meeteren, J., Roebroeck, M.E. & Stam, HJ. Test-retest reliability in 
isokinetic muscle strength measurements of the shoulder. J Rehabil Med 34, 
91-5 (2002).
References 257
Subacromial Impingement Syndrome (2012)
302. MacDermid, J.C., Chesworth, B.M., Patterson, S. & Roth, J.H. Validity of 
pain and motion indicators recorded on a movement diagram of shoulder 
lateral rotation. Aust JPhysiother 45, 269-277 (1999).
303. MacDermid, J.C., Chesworth, B.M., Patterson, S. & Roth, J.H. Intratester and 
intertester reliability of goniometric measurement of passive lateral shoulder 
rotation. J Hand Ther 12, 187-92 (1999).
304. Croft, P., Pope, D. & Silman, A. The clinical course of shoulder pain: 
prospective cohort study in primary care. Primary Care Rheumatology 
Society Shoulder Study Group. RM/313, 601-2 (1996).
305. Linton, S.J. An overview of psychosocial and behavioral factors in neck-and- 
shoulder pain. Scand JRehabil MedSuppl 32, 67-77 (1995).
306. Ekberg, K. & Wildhagen, I. Long-term sickness absence due to 
musculoskeletal disorders: the necessary intervention of work conditions. 
Scand J Rehabil Med 2H, 39-47 (1996).
307. Carter, J.T. & Birrell, L.N. Occupational Health Guidelines for the 
Management of. (2000).
308. Kuhn, J.E. Current evidence fails to show differences in effectiveness 
between conservative and surgical treatment of subacromial impingement 
syndrome. J Bone Joint SurgAm 92, 474 (2010).
309. Morrison, D.S., Frogameni, A.D. & Woodworth, P. Non-operative treatment 
of subacromial impingement syndrome. J Bone Joint Surg Am 79, 732-7 
(1997).
310. Green, S., Buchbinder, R., Glazier, R. & Forbes, A. Systematic review of 
randomised controlled trials of interventions for painful shoulder: selection 
criteria, outcome assessment, and efficacy. RM7316, 354-60 (1998).
311. Koester, M.C. & Spindler, K.P. NSAIDs and fracture healing: what's the 
evidence? Curr Sports Med Rep 4,289-90 (2005).
312. Kromer, T.O., de Bie, R.A. & Bastiaenen, C.H. Effectiveness of 
individualized physiotherapy on pain and functioning compared to a standard 
exercise protocol in patients presenting with clinical signs of subacromial 
impingement syndrome. A randomized controlled trial. BMC Muscidoskelet 
Disord 11, 114(2010).
313. Hirschberg, G.G. & Dacso, M.M. The use of electromyography in the study 
of clinical kinesiology of the upper extremity. Am J Phys Med 32, 13-21 
(1953).
314. Inman, V.T., Ralston, H.J., Saunders, J.B., Feinstein, B. & Wright, E.W., Jr. 
Relation of human electromyogram to muscular tension. Electroencephalogr 
Clin Neurophysiol 4,187-94 (1952).
315. Stalberg, E., Nandedkar, S.D., Sanders, D.B. & Falck, B. Quantitative motor 
unit potential analysis. J Clin Neurophysiol 13, 401-22 (1996).
316. Sanders, D.B., Stalberg, E.V. & Nandedkar, S.D. Analysis of the 
electromyographic interference pattern, J Clin Neurophysiol 13, 385-400 
(1996).
References 258
Subacromial Impingement Syndrome (2012)
317. Stashuk, D. & Paoli, G.M. Robust supervised classification of motor unit 
action potentials. Med Biol Eng Comput 36, 75-82 (1998).
318. Hayward, M. Automatic analysis of the electromyogram in healthy subjects 
of different ages. JNeurol Sci 33, 397-413 (1977).
319. Stalberg, E., Chu, J., Bril, V., Nandedkar, S., Stalberg, S. & Ericsson, M. 
Automatic analysis of the EMG interference pattern. Electroencephalogr 
Clin Neurophysiol 56, 672-81 (1983).
320. Akataki, K., Mita, K., Watakabe, M. & Ito, K. Age-related change in motor 
unit activation strategy in force production: a mechanomyographic 
investigation. Muscle Nerve 25, 505-12 (2002).
321. Christensen, H. & Fuglsang-Frederiksen, A. Power spectrum and turns 
analysis of EMG at different voluntary efforts in normal subjects. 
Electroencephalogr Clin Neurophysiol 64, 528-35 (1986).
322. Umezu, Y., Kawazu, T., Tajima, F. & Ogata, H. Spectral electromyographic 
fatigue analysis of back muscles in healthy adult women compared with men. 
Arch Phys MedRehabil 79, 536-8 (1998).
323. Cioni, R., Giannini, F., Paradise, C., Battistini, N., Navona, C. & Starita, A. 
Sex differences in surface EMG interference pattern power spectrum. J Appl 
Physiol 77,2163-8 (1994).
324. Hagg, G.M. Interpretation of EMG spectral alterations and alteration indexes 
at sustained contraction. J Appl Physiol 73, 1211-7 (1992).
325. Finsterer, J. & Mamoli, B. Turn/amplitude parameter changes during 
sustained effort. Electroencephalogr Clin Neurophysiol 101,438-45 (1996).
326. Fuglsang-Frederiksen, A. & Scheel, U. Transient decrease in number of 
motor units after immobilisation in man. J Neurol Neurosurg Psychiatry 41, 
924-9(1978).
327. Fuglsang-Frederiksen, A. The utility of interference pattern analysis. Muscle 
Nerve 23, 18-36 (2000).
328. Preece, A.W., Wimalaratna, H.S., Green, J.L., Churchill, E. & Morgan, H.M. 
Non-invasive quantitative EMG. Electromyogr Clin Neurophysiol 34, 81-6 
(1994).
329. Finsterer, J. & Fuglsang-Frederiksen, A. Quantification of concentric-needle- 
induced insertional activity by turn/amplitude analysis. J Electromyogr 
Kinesiol 13, 191-6 (2003).
330. Finsterer, J.H. & Mamoli, B.T. Turn/amplitude-analysis and standardized 
muscular fatigue in neuromuscular disorders. Muscle Nerve 16, 801-2 (1993).
331. Sadhukhan, A.K., Goswami, A., Kumar, A. & Gupta, S. Effect of sampling 
frequency on EMG power spectral characteristics. Electromyogr Clin 
Neurophysiol 5^, 159-63 (1994).
332. Jorgensen, S.A. & Fuglsang-Frederiksen, A. Turns-amplitude analysis at 
different sampling frequencies. Electroencephalogr Clin Neurophysiol 81, 1- 
7(1991).
References 259
Subacromial Impingement Syndrome (2012)
333. Willison, R.G. Analysis of Electrical Activity in Healthy and Dystrophic 
Muscle in Man. JNeurol Neurosurg Psychiatry 27, 386-94 (1964).
334. Qerama, E., Fuglsang-Frederiksen, A., Kasch, FI., Bach, F.W. & Jensen, T.S. 
Effects of evoked pain on the electromyogram and compound muscle action 
potential of the brachial biceps muscle. Muscle Nerve 31, 25-33 (2005).
335. Clancy, E.A., Morin, E.L. & Merletti, R. Sampling, noise-reduction and 
amplitude estimation issues in surface electromyography. J Electromyogr 
Kinesiol 12, 1-16 (2002).
336. Gitter, J.A. & Czerniecki, M.J. Fractal analysis of the electromyographic 
interference pattern. JNeurosci Methods 58, 103-8 (1995).
337. Ronager, J., Christensen, H. & Fuglsang-Frederiksen, A. Power spectrum 
analysis of the EMG pattern in normal and diseased muscles. J Neurol Sci 94, 
283-94(1989).
338. Fuglsang-Frederiksen, A. & Ronager, J. The motor unit firing rate and the 
power spectrum of EMG in humans. Electroencephalogr Clin Neurophysiol 
70, 68-72 (1988).
339. Merletti, R., Balestra, G. & Knaflitz, M. Effect of FFT-based algorithms on 
estimation of myoelectric signal spectral parameters. Proceedings of the 11th 
Annual Conference of IEEE on Engineering in Medicine Society, Seattle, 
WA, September, 1989, pp 1024-1025
340. Merletti, R. & Roy, S. Myoelectric and mechanical manifestations of muscle 
fatigue in voluntary contractions. J Orthop Sports Phys Ther 24, 342-53 
(1996).
341. De Luca, C.J. The use of surface electromyography in biomechanics. Journal 
of Applied Biomechanics 13, 135-163 (1997).
342. Jensen, R., Fuglsang-Frederiksen, A. & Olesen, J. Quantitative surface EMG 
of pericranial muscles in headache. A population study. Electroencephalogr 
Clin Neurophysiol 93, 335-44 (1994).
343. Gardner-Medwin, D. Studies of the carrier state in the Duchenne type of 
muscular dystrophy. 2. Quantitative electromyography as a method of carrier 
detection. J Neurol Neurosurg Psychiatry 21, 124-34 (1968).
344. Walton, J.N. The electromyogram in myopathy: analysis with the audio­
frequency spectrometer. J Neurol Neurosurg Psychiatry 15, 219-26 (1952).
345. Noraxon. The ABC of EMG.
346. Cram, J.R., Kasman, G.S. & Holtz, J. Introduction to surface 
electromyography, (Aspen Publishers, Gaithersburg, Md., 1998).
347. Dimitrova, N.A. & Dimitrov, G.Y. Interpretation of EMG changes with 
fatigue: facts, pitfalls, and fallacies. J Electromyogr Kinesiol 13, 13-36 
(2003).
348. Mathiassen, S.E., Winkel, J. & Hagg, G.M. Normalization of surface EMG 
amplitude from the upper trapezius muscle in ergonomic studies — A review. 
Journal of Electromyography and Kinesiology 5, 197-226 (1995).
References 260
Subacromial Impingement Syndrome (2012)
349. Mirka, G.A. The quantification of EMG normalization error. Ergonomics 34, 
343-52 (1991).
350. Baratta, R.V., Solomonow, M., Zhou, B.H. & Zhu, M. Methods to reduce the 
variability of EMG power spectrum estimates. Journal of Electromyography 
and Kinesiology 8, 279-285 (1998).
351. Burden, A. & Bartlett, R. Normalisation of EMG amplitude: An evaluation 
and comparison of old and new methods. Medical Engineering and Physics 
21,247-257(1999).
352. Knutson, L.M., Soderberg, G.L., Ballantyne, B.T. & Clarke, W.R. A study of 
various normalization procedures for within day electromyographic data. 
Journal of ElecU'omyography and Kinesiology 4, 47-59 (1994).
353. Yang, J.F. & Winter, D.A. Electromyographic amplitude normalization 
methods: improving their sensitivity as diagnostic tools in gait analysis. Arch 
Phys Med Rehabil 65, 517-21 (1984).
354. Allison, G.T., Marshall, R.N. & Singer, K.P. EMG signal amplitude 
normalization technique in stretch-shortening cycle movements. Journal of 
Electromyography and Kinesiology 3, 236-244 (1993).
355. Kronberg, M. & Brostrom, L.A. Electromyographic recordings in shoulder 
muscles during eccentric movements. Clin Orthop Relat Res, 143-51 (1995).
356. Bernshtein, V.M. [Statistical parameters of the electrical signal of a muscle 
model]. Biofizika 12, 693-703 (1967).
357. Lawrence, J.H. & De Luca, C.J. Myoelectric signal versus force relationship 
in different human muscles. JAppl Physiol 54, 1653-9 (1983).
358. Enoka, R.M. Morphological features and activation patterns of motor units. J 
Clin Neurophysiol 12, 538-59 (1995).
359. Gowan, I.D., Jobe, F.W., Tibone, J.E., Perry, J. & Moynes, D.R. A 
comparative electromyographic analysis of the shoulder during pitching. 
Professional versus amateur pitchers. Am J Sports Med 15, 586-90 (1987).
360. Howell, S.M. & Kraft, T.A, The role of the supraspinatus and infraspinatus 
muscles in glenohumeral kinematics of anterior should instability. Clin 
Orthop Relat Res, 128-34 (1991).
361. Kent, B.E. Functional anatomy of the shoulder complex. A review. Phys 
Ther 51, 947(1971).
362. Ebaugh, D.D., McClure, P.W. & Karduna, A.R. Three-dimensional 
scapulothoracic motion during active and passive arm elevation. Clinical 
Biomechanics 20, 700-709 (2005).
363. Guazzelli Filho, J., Furlani, J. & De Freitas, V. Electromyographic study of 
the trapezius muscle in free movements of the arm. Electromyogr Clin 
Neurophysiol 31, 93-8 (1991).
364. Taylor, W. Physical treatment of shoulder complaints. NZ MedJWX, 59-60 
(1998).
References 261
Subacromial Impingement Syndrome (2012)
365. Bull, M.L., de Freitas, V. & Vitti, M. Electromyographic study of the 
trapezius (pars superior) and serratus anterior (pars inferior) in free 
movements of the arm. Anal Am 171, 125-33 (1990).
366. Phadke, V., Camargo, P.R. & Ludewig, P.M. Scapular and rotator cuff 
muscle activity during arm elevation: A review of normal function and 
alterations with shoulder impingement. Revista Brasileira de Fisioterapia 13, 
1-9 (2009).
367. Ludewig, P.M., Phadke, V., Braman, J.P., Hassett, D.R., Cieminski, CJ. & 
Laprade, R.F. Motion of the shoulder complex during multiplanar humeral 
elevation. Journal of Bone and Joint Surgery - Series A 91, 378-389 (2009).
368. McQuade, K.J., Dawson, J. & Smidt, G.L. Scapulothoracic muscle fatigue 
associated with alterations in scapulohumeral rhythm kinematics during 
maximum resistive shoulder elevation. J Orthop Sports Phys Ther 28, 74-80 
(1998).
369. Pascoal, A.G., van der Helm, F.F., Pezarat Correia, P. & Carita, I. Effects of 
different arm external loads on the scapulo-humeral rhythm. Clin Biomech 
(Bristol, Avon) 15 SuppI 1, S21-4 (2000).
370. Kuechle, D.K., Newman, S.R., Itoi, E., Morrey, B.F. & An, K.N. Shoulder 
muscle moment arms during horizontal flexion and elevation. J Shoulder 
Elbow Surg6, 429-39 (1997).
371. Haider, A.M., Zhao, K.D., Odriscoll, S.W., Morrey, B.F. & An, K.N. 
Dynamic contributions to superior shoulder stability. J Orthop Res 19, 206- 
12 (2001).
372. David, G., Magarey, M.E., Jones, M.A., Dvir, Z., Turker, K.S. & Sharpe, M. 
EMG and strength correlates of selected shoulder muscles during rotations of 
the glenohumeral joint. Clin Biomech (Bristol, Avon) 15, 95-102 (2000).
373. Pearl, M.L., Perry, J., Torburn, L. & Gordon, L.H. An electromyographic 
analysis of the shoulder during cones and planes of arm motion. Clin Orthop 
Relat Res, 116-27(1992).
374. Hawkes, D.H., Alizadehkhaiyat, O., Fisher, A.C., Kemp, G.J., Roebuck, 
M.M. & Frostick, S.P. Normal shoulder muscular activation and co­
ordination during a shoulder elevation task based on activities of daily living: 
An electromyographic study. J Orthop Res 30, 53-60 (2012).
375. Hermens, H.J. & Hutten, M.R. Muscle activation in chronic pain: its 
treatment using a new approach of myofeedback. International Journal of 
Industrial Ergonomics 30, 325-336 (2002).
376. Brox, J.I., Roe, C., Saugen, E. & Vollestad, N.K. Isometric abduction muscle 
activation in patients with rotator tendinosis of the shoulder. Arch Phys Med 
Rehabil 78, 1260-7(1997).
377. Clisby, E.F., Bitter, N.L., Sandow, M.J., Jones, M.A., Magarey, M.E. & 
Jaberzadeh, S. Relative contributions of the infraspinatus and deltoid during 
external rotation in patients with symptomatic subacromial impingement. J 
Shoulder Elbow Surg 17, 87S-92S (2008).
References 262
Subacromial Impingement Syndrome (2012)
378. Cools, A.M., Declercq, G.A., Cambier, D.C., Mahleu, N.N. & Witvrouw, 
E.E. Trapezius activity and intramuscular balance during isokinetic exercise 
in overhead athletes with impingement symptoms. Scandinavian Journal of 
Medicine and Science in Sports 17, 25-33 (2007).
379. Finley, M.A., McQuade, K.J. & Rodgers, M.M. Scapular kinematics during 
transfers in manual wheelchair users with and without shoulder impingement. 
Clin Biomech (Bristol, Avon) 20, 32-40 (2005).
380. Moraes, G.F., Faria, C.D. & Teixeira-Salmela, L.F. Scapular muscle 
recruitment patterns and isokinetic strength ratios of the shoulder rotator 
muscles in individuals with and without impingement syndrome. J Shoulder 
Elbow Snrg 17, 48S-53S (2008).
381. Vollestad, N.K. Measurement of human muscle fatigue. JNeurosci Methods 
74,219-27(1997).
382. De Luca, C.J. Myoelectrical manifestations of localized muscular fatigue in 
humans. Crit Rev Biomed Eng 11, 251-79 (1984).
383. Bigland-Ritchie, B., Hosking, G.P. & Jones, D.A. The site of fatigue in 
sustained maximal contractions of the quadriceps muscle. J Physiol 250, 
45P-46P (1975).
384. Westerblad, H., Lee, J.A., Lannergren, J. & Allen, D.G. Cellular mechanisms 
of fatigue in skeletal muscle. Am J Physiol 261, Cl 95-209 (1991).
385. Kakei, S., Hoffman, D.S. & Strick, P.L. Muscle and movement 
representations in the primary motor cortex. Science 285, 2136-9 (1999).
386. Merton, P.A. Voluntary strength and fatigue. J Physiol 123, 553-64 (1954).
387. Kremenic, I.J., Glace, B.W., Ben-Avi, S.S., Nicholas, S.J. & McHugh, M.P. 
Central fatigue after cycling evaluated using peripheral magnetic stimulation. 
Med Sci Sports Exerc 41, 1461-1466 (2009).
388. Place, N., Yamada, T., Bruton, J.D. & Westerblad, H. Muscle fatigue: From 
observations in humans to underlying mechanisms studied in intact single 
muscle fibres. EurJAppl Physiol 110, 1-15 (2010).
389. Edwards, R.H. Human muscle function and fatigue. Ciba Found Symp 82, 1- 
18(1981).
390. Verburg, E., Hallen, J., Sejersted, O.M. & Vollestad, N.K. Loss of potassium 
from muscle during moderate exercise in humans: a result of insufficient 
activation of the Na+-K+-pump? Acta Physiol Scand 165, 357-67 (1999).
391. Juel, C. Muscle action potential propagation velocity changes during activity. 
Muscle Nerve 11, 714-9 (1988).
392. Sandow, A., Taylor, S.R. & Preiser, H. Role of the action potential in 
excitation-contraction coupling. FedProc 24, 1116-23 (1965).
393. Sjogaard, G. Potassium and fatigue: the pros and cons. Acta Physiol Scand 
156, 257-64(1996).
394. Sjogaard, G., Savard, G. & Juel, C. Muscle blood flow during isometric 
activity and its relation to muscle fatigue. Eur J Appl Physiol Occup Physiol 
57, 327-35 (1988).
References 263
Subacromial Impingement Syndrome (2012)
395. Sejersted, O.M., Hargens, A.R., Kardel, K.R., Blom, P., Jensen, O. & 
Hermansen, L. Intramuscular fluid pressure during isometric contraction of 
human skeletal muscle. JAppl Physiol 56, 287-95 (1984).
396. Vollestad, N.K. & Sejersted, O.M. Biochemical correlates of fatigue. A brief 
review. European Journal of Applied Physiology and Occupational 
Physiology 57, 336-347 (1988).
397. Nordheim, K. & Vollestad, N.K. Glycogen and lactate metabolism during 
low-intensity exercise in man. Acta Physiol Scand 139, 475-84 (1990).
398. Sahlin, K., Cizinsky, S., Warholm, M. & Hoberg, J. Repetitive static muscle 
contractions in humans—a trigger of metabolic and oxidative stress? Eur J 
Appl Physiol Occup Physiol 64, 228-36 (1992).
399. Piper, H.E. Electrophysiologie Menschlichen Muskeln,. Springer, Berlin 
(1912).
400. Cobb, S. & Forbes, A. Electromyographic studies of muscular fatigue in 
man. Am J Physiol, 234-251 (1923).
401. Kallenberg, L.A. & Hermens, HJ. Behaviour of a surface EMG based 
measure for motor control: motor unit action potential rate in relation to force 
and muscle fatigue. JElectromyogr Kinesiol 18, 780-8 (2008).
402. Christensen, H., Sogaard, K., Jensen, B.R., Finsen, L. & Sjogaard, G. 
Intramuscular and surface EMG power spectrum from dynamic and static 
contractions. J Electromyogr Kinesiol 5, 27-36 (1995).
403. Lindstrom, L., Magnusson, R. & Petersen, I. Muscle load influence on myo­
electric signal characteristics. Scand J Rehabil Med 0, 127-48 (1974).
404. Mizoue, T., Nishisaka, S., Nishikuma, K. & Yoshimura, T. [Occupational 
and lifestyle factors related to musculoskeletal and fatigue symptoms among 
middle-aged female workers in a frozen food processing factory]. Sangyo 
Eiseigaku Zasshi 38, 223-9 (1996).
405. Szucs, K., Navalgund, A. & Borstad, J.D. Scapular muscle activation and co­
activation following a fatigue task. Medical and Biological Engineering and 
Computing 487-495 (2009).
406. Kilbom, A. Assessment of physical exposure in relation to work-related 
musculoskeletal disorders—what information can be obtained from systematic 
observations? Scand J Work Environ Health 20 Spec No, 30-45 (1994).
407. Aaras, A. The impact of ergonomic intervention on individual health and 
corporate prosperity in a telecommunications environment. Ergonomics 37, 
1679-96 (1994).
408. Hagg, G.M. Static work loads and occupational myalgia - a new explanation 
model, in Electromyographical Kinesiology (ed. Anderson, P.A.H., D.J. and 
Danoff, J.V.) 141-143 (Elsevier Science, Amsterdam, 1991).
409. Christensen, H. & Sjogaard, G. Muscular Disorders in computer Users: 
Mechanisms and Models PROCID Symposium Novermber 25-27,, 158-161 
(1999).
References 264
Subacromial Impingement Syndrome (2012)
410. Sandosjo, L.F., M. Kadefors, R. Prevention of muscle disorders in operation 
of computer input devices. PROCID - an European concerted action 23 - 25 
October 2000, 219-222 (2000).
411. Kallenberg, L.A., Schulte, E., Disselhorst-Klug, C. & Hermens, H.J. 
Myoelectric manifestations of fatigue at low contraction levels in subjects 
with and without chronic pain. JElectromyogr Kinesiol 17, 264-74 (2007).
412. Houtman, C.J., Stegeman, D.F., Van Dijk, J.P. & Zwarts, M.J. Changes in 
muscle fiber conduction velocity indicate recruitment of distinct motor unit 
populations. JAppl Physiol 95, 1045-54 (2003).
413. Bigland-Ritchie, B., Rice, C.L., Garland, S.J. & Walsh, M.L. Task-dependent 
factors in fatigue of human voluntary contractions. Adv Exp Med Biol 384, 
361-80(1995).
414. Woods, J.J., Furbush, F. & Bigland-Ritchie, B. Evidence for a fatigue- 
induced reflex inhibition of motoneuron firing rates. J Neurophysiol 58, 125- 
37(1987).
415. Bigland-Ritchie, B., Johansson, R., Lippold, O.C. & Woods, J.J. Contractile 
speed and EMG changes during fatigue of sustained maximal voluntary 
contractions. J Neurophysiol 50, 313-24 (1983).
416. Bigland-Ritchie, B. & Woods, J.J. Changes in muscle contractile properties 
and neural control during human muscular fatigue. Muscle and Nerve 7, 691- 
699(1984).
417. Dimitrov, G.V., Disselhorst-Klug, C., Dimitrova, N.A., Schulte, E. & Ran, G. 
Simulation analysis of the ability of different types of multi-electrodes to 
increase selectivity of detection and to reduce cross-talk. Journal of 
Electromyography and Kinesiology 13, 125-138 (2003),
418. Dimitrova, N.A., Dimitrov, G.V. & Nikitin, O.A. Neither high-pass filtering 
nor mathematical differentiation of the EMG signals can considerably reduce 
cross-talk. Journal of Electromyography and Kinesiology 12, 235-246 
(2002).
419. Wickham, J., Pizzari, T., Stansfeld, K., Burnside, A. & Watson, L. 
Quantifying 'normal' shoulder muscle activity during abduction. J 
Electromyogr Kinesiol 20, 212-22 (2010),
420. Stegeman, D. & Hermens, H. Standards for surface electromyography: The 
European project surface EMG for non-invasive assessment of muscles 
(SENIAM). (http://www.med.uni-iena.de/motorik/pdi7stegeman.T3df (date 
accessed 10/04/2010) Biomedical Health and Research Program, 
Netherlands, 1999).
421. Dawson, J., Fitzpatrick, R. & Carr, A. Questionnaire on the perceptions of 
patients about shoulder surgery. J Bone Joint Surg Br 78, 593-600 (1996).
422. Ware, J., Jr., Kosinski, M. & Keller, S.D. A 12-Item Short-Form Health 
Survey: construction of scales and preliminary tests of reliability and validity. 
Med Care 34, 220-33 (1996).
References 265
Subacromial Impingement Syndrome (2012)
423. Klepac, R.K., Dowling, J. & Hauge, G. Sensitivity of the McGill Pain 
Questionnaire to intensity and quality of laboratory pain. Pain 10, 199-207 
(1981).
424. Walton, M.J., Walton, J.C., Honorez, L.A., Harding, V.F. & Wallace, W.A. 
A comparison of methods for shoulder strength assessment and analysis of 
Constant score change in patients aged over fifty years in the United 
Kingdom. J Shoulder Elbow Surg 16, 285-9 (2007).
425. Bankes, M.J., Crossman, J.E. & Emery, R.J. A standard method of shoulder 
strength measurement for the Constant score with a spring balance. J 
Shoulder Elbow Surg 1, 116-21 (1998).
426. Coldham, F., Lewis, J. & Lee, H. The reliability of one vs. three grip trials in 
symptomatic and asymptomatic subjects. J Hand Ther 19, 318-26; quiz 327 
(2006).
427. Lundon, K.M., Li, A.M. & Bibershtein, S. Interrater and intrarater reliability 
in the measurement of kyphosis in postmenopausal women with 
osteoporosis. Spine (Phila Pa 1976) 23,1978-85 (1998).
428. Yanagawa, T.L., Maitland, E., Burgess, K., Young, L. & Hanley, D. 
Assessment of thoracic kyphosis using the flexicurve for individuals with 
osteoporosis. Hong Kong Physiotherapy Journal 18, 53-57 (2000).
429. DiVeta, J., Walker, M.L. & Skibinski, B. Relationship between performance 
of selected scapular muscles and scapular abduction in standing subjects. 
Phys Ther 70, 470-6; discussion 476-9 (1990).
430. Dunleavy, K., Mariano, H., Wiater, T. & Goldberg, A. Reliability and 
minimal detectable change of spinal length and width measurements using 
the Flexicurve for usual standing posture in healthy young adults. J Back 
Musculoskelet Rehabil 23, 209-14 (2010).
431. Kumta, P., Macdermid, J.C., Mehta, S.P. & Stratford, P.W. The FIT-HaNSA 
Demonstrates Reliability and Convergent Validity of Functional Performance 
in Patients With Shoulder Disorders. J Orthop Sports Phys Ther (2012).
432. Durkin, J.L. & Callaghan, J.P. Effects of minimum sampling rate and signal 
reconstruction on surface electromyographic signals. J Electromyogr Kinesiol 
15, 474-81 (2005).
433. Merletti, R. Standards for Reporting EMG Data. Electromyography and 
Kinesiology 9, 3-4 (1999).
434. Hermens, H.J., Freriks, B., Disselhorst-Klug, C. & Rau, G. Development of 
recommendations for SEMG sensors and sensor placement procedures. J 
Electromyogr Kinesiol 10, 361-74 (2000).
435. Cram, J.R. & Rommen, D. Effects of skin preparation on data collected using 
an EMG muscle-scanning procedure. Biofeedback Self Regul 14, 75-82 
(1989).
436. Hewson, D.J., Hogrel, J.Y., Langeron, Y. & Duchene, J. Evolution in 
impedance at the electrode-skin interface of two types of surface EMG 
electrodes during long-term recordings. Journal of Electromyography and 
Kinesiology 13, 273-279 (2003).
References 266
Subacromial Impingement Syndrome (2012)
437. Burbank, D.P. & Webster, J.G. Reducing skin potential motion artefact by 
skin abrasion. Med Biol Eng Comput 16, 31-8 (1978).
438. Jonsson, B. & Bagge, U.E. Displacement, deformation and fracture of wire 
electrodes for electromyography. Electromyography 8, 329-47 (1968).
439. Jonsson, B. & Reichmann, S. Displacement and deformation of wire 
electrodes in electromyography. A roentgenologic study. Electromyography 
9, 201-11 (1969).
440. Kelly, B.T., Cooper, L.W., Kirkendall, D.T. & Speer, K.P. Technical 
considerations for electromyographic research on the shoulder. Clin Orthop 
Relat Res, 140-51 (1997).
441. Jonsson, B. Morphology, innervation, and electromyographic study of the 
erector spinae. Arch Phys Med Rehabil 50, 638-41 (1969).
442. Rainoldi, A., Galardi, G., Maderna, L., Comi, G., Lo Conte, L. & Merletti, R. 
Repeatability of surface EMG variables during voluntary isometric 
contractions of the biceps brachii muscle. Journal of Electromyography and 
Kinesiology 9, 105-119 (1999).
443. de Garst, A. Normal and impaired mobility of the glenohumeral joint. 
Thesis, Rotterdam. (1998).
444. Neer, C.S.I. & Poppen, N.K. Supraspinatus outlet. Orthop Trans 11, 234 
(1987).
445. Bak, K., Sorensen, A.K., Jorgensen, U., Nygaard, M., Krarup, A.L., Thune, 
C., Sloth, C. & Pedersen, S.T. The value of clinical tests in acute full­
thickness tears of the supraspinatus tendon: does a subacromial lidocaine 
injection help in the clinical diagnosis? A prospective study. Arthroscopy 26, 
734-42 (2010).
446. Cools, A.M., Cambier, D. & Witvrouw, E.E. Screening the athlete's shoulder 
for impingement symptoms: a clinical reasoning algorithm for early detection 
of shoulder pathology. BrJSports Med 42, 628-35 (2008).
447. Park, J.Y., Lee, W.S. & Lee, S.T. The strength of the rotator cuff before and 
after subacromial injection of lidocaine. J Shoulder Elbow Surg 17, 8S-11S 
(2008).
448. Hasenbring, M.I. & Verbunt, J.A. Fear-avoidance and endurance-related 
responses to pain: new models of behavior and their consequences for 
clinical practice. Clin J Pain 26, 747-53 (2010).
449. George, S.Z. & Stryker, S.E. Fear-avoidance beliefs and clinical outcomes
for patients seeking outpatient physical therapy for musculoskeletal pain 
conditions. Sports Phys Ther 41, 249-59 (2011).
450. Ben-Yishay, A., Zuckerman, J.D., Gallagher, M. & Cuomo, F. Pain 
inhibition of shoulder strength in patients with impingement syndrome. 
Orthopedics 17, 685-8 (1994).
451. Reese, N. & Bandy, W. Joint range of movement and muscle testing, 437 
(WB Saunders, Philadelphia, 2002).
452. Ellenbecker, T.S. Clinical examination of the shoulder, (Elsevier Saunders, 
2004).
References 267
Subacromial Impingement Syndrome (2012)
453. Valentine, R.E. & Lewis, J.S. Intraobserver reliability of 4 physiologic 
movements of the shoulder in subjects with and without symptoms. Arch 
Phys Med Rehahil 87, 1242-9 (2006).
454. Kendall, P.C. Cognitive-behavioral therapies with youth: guiding theory, 
current status, and emerging developments. J Consult Clin Psychol 61, 235- 
47(1993).
455. Gibson, M.H., Goebel, G.V., Jordan, T.M., Kegerreis, S. & Worrell, T.W. A
reliability study of measurement techniques to determine static scapular 
position. J Sports Phys Ther 21, 100-6 (1995).
456. Koslow, P.A., Prosser, L.A., Strony, G.A., Suchecki, S.L. & Mattingly, G.E. 
Specificity of the lateral scapular slide test in asymptomatic competitive 
athletes. J Orthop Sports Phys Ther 33, 331-6 (2003).
457. Shadmehr, A., Bagheri, H., Ansari, N.N. & Sarafraz, H. The reliability 
measurements of lateral scapular slide test at three different degrees of 
shoulder joint abduction. Br J Sports Med 44, 289-93 (2010).
458. Chow, R.K. & Harrison, J.E. Relationship of kyphosis to physical fitness and 
bone mass on post-menopausal women. Am J Phys Med 66, 219-27 (1987).
459. McMullen, J. & Uhl, T.L. A Kinetic Chain Approach for Shoulder 
Rehabilitation. JAM Train 35, 329-337 (2000).
460. Ben Kibler, W. & Sciascia, A. Kinetic chain contributions to elbow function 
and dysfunction in sports. Clin Sports Med 23, 545-52, viii (2004).
461. Ebaugh, D.D., McClure, P.W. & Karduna, A.R. Scapulothoracic and 
glenohumeral kinematics following an external rotation fatigue protocol. 
Journal of Orthopaedic and Sports Physical Therapy 36, 557-571 (2006).
462. Kumar, D.K., Pah, N.D. & Bradley, A. Wavelet analysis of surface 
electromyography to determine muscle fatigue. IEEE Trans Neural Syst 
Rehabil Eng 11, 400-6 (2003).
463. Hostens, I., Seghers, J., Spaepen, A. & Ramon, H. Validation of the wavelet 
spectral estimation technique in biceps brachii and brachioradialis fatigue 
assessment during prolonged low-level static and dynamic contractions. J 
Electromyogr Kinesiol 14, 205-15 (2004).
464. Frere, J., Gopfert, B., Slawinski, J. & Tourny-Chollet, C. Shoulder muscles 
recruitment during a power backward giant swing on high bar: A wavelet- 
EMG-analysis. Hum Mov Sci (2012).
465. Backman, E., Johansson, V., Hager, B., Sjoblom, P. & Henriksson, K.G. 
Isometric muscle strength and muscular endurance in normal persons aged 
between 17 and 70 years. Scand J Rehabil Med 21, 109-17 (1995).
466. Erol, O., Ozcakar, L. & Celiker, R. Shoulder rotator strength in patients with 
stage I-II subacromial impingement: relationship to pain, disability, and 
quality of life. J Shoulder Elbow Surg 17, 893-7 (2008).
467. Faber, A., Sell, L., Hansen, J.V., Burr, H., Lund, T., Holtermann, A. & 
Sogaard, K. Does muscle strength predict future musculoskeletal disorders 
and sickness absence? Occupational Medicine 62, 51-56 (2012).
References 268
Subacromial Impingement Syndrome (2012)
468. Hamberg-van Reenen, H.H., Aliens, G.A., Blatter, B.M., van Mechelen, W.
6 Bongers, P.M. A systematic review of the relation between physical 
capacity and future low back and neck/shoulder pain. Pain 130, 93-107 
(2007).
469. Hamberg-van Reenen, H.H., Aliens, G.A., Blatter, B.M., Twisk, J.W., van 
Mechelen, W. & Bongers, P.M. Physical capacity in relation to low back, 
neck, or shoulder pain in a working population. Occnp Environ Med 63, 371-
7 (2006).
470. Saha, A.K. Dynamic stability of the glenohumeral joint. Acta Orthop Scand 
42,491-505 (1971).
471. Poppen, N.K. & Walker, P.S. Forces at the glenohumeral joint in abduction. 
Clin Orthop Relat Res, 165-70 (1978).
472. Kapandji, LA. The shoulder. Clin Rheum Dis 8, 595-616 (1982).
473. Ludewig PM, B., John D. . Upper extremity joint complexes. The shoulder 
complex, in Joint Structure and Function: A Comprehensive Analysis, (ed. 
Levangie PK, N.C., editors. ) p. 233-71 (F.A. Davis Company, Philadelphia 
(PA), 2005).
474. Sharkey, N.A., Marder, R.A. & Hanson, P.B. The entire rotator cuff 
contributes to elevation of the mm. J Orthop Res 12, 699-708 (1994).
475. Sharkey, N.A. & Marder, R.A. The rotator cuff opposes superior translation 
of the humeral head. Am J Sports Med 23, 270-5 (1995).
476. Gartsman, G.M. & Milne, J.C. Articular surface partial-thickness rotator cuff 
tears. J Shoulder Elbow Surg 4, 409-15 (1995).
477. Weber, S.C. Arthroscopic debridement and acromioplasty versus mini-open 
repair in the treatment of significant partial-thickness rotator cuff tears. 
Arthroscopy \S, 126-31 (1999).
478. Marcondes, F.B., Rosal, S.G., Antunes de Vasconcelos, R., Bastal, A., 
Freitas, D.G. & Fukudal, T.Y. Rotator cuff strength in subjects with shoulder 
impingement syndrome compared with the asymptomatic side. Acta 
Ortopedica Brasileira 19(2011).
479. Kim, H.M., Teefey, S.A., Zelig, A., Galatz, L.M., Keener, J.D. & 
Yamaguchi, K. Shoulder strength in asymptomatic individuals with intact 
compared with tom rotator cuffs. J Bone Joint Surg Am 91, 289-96 (2009).
480. Smith, J., Kotajarvi, B.R., Padgett, D.J. & Eischen, JJ. Effect of scapular 
protraction and retraction on isometric shoulder elevation strength. Arch Phys 
MedRehabil 83, 367-70 (2002).
481. Smith, J., Dietrich, C.T., Kotajarvi, B.R. & Kaufman, K.R. The effect of 
scapular protraction on isometric shoulder rotation strength in normal 
subjects. J Shoulder Elbow Surg 15, 339-43 (2006).
482. Hbert, L.J., Moffet, H., McFadyen, B.J. & Dionne, C.E. Scapular behavior in 
shoulder impingement syndrome. Arch Phys Med Rehabil 83, 60-69 (2002).
483. Camargo, P.R., Haik, M.N., Filho, R.B., Mattiello-Rosa, S.M.G. & Salvini, 
T.F. Bilateral deficits in muscle contraction parameters during shoulder
References 269
Subacromial Impingement Syndrome (2012)
scaption in patients with unilateral subacromial impingement syndrome. 
Isokinetics and Exercise Science 16, 93-99 (2008).
484. Borsa, P.A., Sauers, E.L. & Herling, D.E. Patterns of glenohumeral joint 
laxity and stiffness in healthy men and women. Med Sci Sports Exerc 32, 
1685-90 (2000).
485. Oatis, C.A. Kinesiology: the mechanics and pathomechanics of hitman 
movement, (Lippincott Williams & Wilkins, 2009).
486. Kumar, V.P. & Satku, S.K. Documenting rotation at the glenohumeral joint. 
A technical note. Acta Orthop Scand 65, 483-4 (1994).
487. Culham, E. & Peat, M. Functional anatomy of the shoulder complex. J 
Orthop Sports Phys Ther 18, 342-50 (1993).
488. Kebaetse, M., McClure, P. & Pratt, N.A. Thoracic position effect on shoulder 
range of motion, strength, and three-dimensional scapular kinematics. Arch 
Phys Med Rehabil 80, 945-50 (1999).
489. Borich, M.R., Bright, J.M., Lorello, D.J., Cieminski, C.J., Buisman, T. & 
Ludewig, P.M. Scapular angular positioning at end range internal rotation in 
cases of glenohumeral internal rotation deficit. J Orthop Sports Phys Ther 36, 
926-34 (2006).
490. Tyler, T.F., Nicholas, S.J., Roy, T. & Gleim, G.W. Quantification of 
posterior capsule tightness and motion loss in patients with shoulder 
impingement. Am J Sports Med 28, 668-73 (2000).
491. Graichen, H., Bond, H., Stammberger, T., Englmeier, K.H., Reiser, M. & 
Eckstein, F. Sex-specific differences of subacromial space width during 
abduction, with and without muscular activity, and correlation with 
anthropometric variables. J Shoulder Elbow Surg 10, 129-35 (2001).
492. Browne, A.O., Hoffmeyer, P., Tanaka, S., An, K.N. & Morrey, B.F. 
Glenohumeral elevation studied in three dimensions. Journal of Bone and 
Joint Surgery - Series B 72, 843-845 (1990).
493. Lin, J.J., Hsieh, S.C., Cheng, W.C., Chen, W.C. & Lai, Y. Adaptive patterns 
of movement during arm elevation test in patients with shoulder 
impingement syndrome. J OrZ/zop Res 29, 653-7 (2011).
494. Ludewig, P.M. & Braman, J.P. Shoulder impingement: biomechanical 
considerations in rehabilitation. Man Ther 16, 33-9 (2011).
495. Ludewig, P.M., Cook, T.M. & Shields, R.K. Comparison of surface sensor 
and bone-fixed measurement of humeral motion. Journal of Applied 
Biomechanics 18, 163-170 (2002).
496. McClure, P.W., Michener, L.A. & Karduna, A.R. Shoulder function and 3- 
dimensional scapular kinematics in people with and without shoulder 
impingement syndrome. Phys Ther 86, 1075-90 (2006).
497. Borstad, J.D. & Ludewig, P.M. Comparison of scapular kinematics between 
elevation and lowering of the arm in the scapular plane. Clin Biomech 
(Bristol, Avon) 17, 650-9 (2002).
498. Griegel-Morris, P., Larson, K., Mueller-Klaus, K. & Oatis, C.A. Incidence of 
common postural abnormalities in the cervical, shoulder, and thoracic regions
References 270
Subacromial Impingement Syndrome (2012)
and their association with pain in two age groups of healthy subjects. Phys 
Ther 72, 425-31 (1992).
499. Cheshomi, S., Rajabi, R. & Alizadeh, N.H. The relationship between thoracic 
kyphosis curvature, scapular position and posterior shoulder girdle muscles 
Endurance. World Applied Sciences Journal 14, 1072-1076 (2011).
500. Kendall FP, M.E., Provance PG. Muscles testing and function. ( 1993).
501. Basmajian, J.V. & Bazant, F.J. Factors preventing downward dislocation of 
the adducted shoulder joint. An electromyographic and morphological study. 
JBone Joint SurgAm 41-A, 1182-6 (1959).
502. Prescher, A. Anatomical basics, variations, and degenerative changes of the 
shoulder joint and shoulder girdle. Eur J Radiol 35, 88-102 (2000).
503. Sarrafian, S.K. Gross and functional anatomy of the shoulder. Clin Orthop 
Relat Res, 11-9 (1983).
504. Grimmer, K. An investigation of poor cervical resting posture. Aust J 
Physiother 43, 7-16 (1997).
505. Kendall, F.P., McCreary, E. K., Provance, P. G., Rodgers, M. M., & Romani, 
W. A. . Muscles: Testing and function with posture and pain (Lippincott, 
Williams & Wilkins, Baltimore, 2005 ).
506. Poge, A.P., Autschbach, F., Korall, FI., Trefz, F.K. & Mayatepek, E. Early 
clinical manifestation of glutaric aciduria type I and nephrotic syndrome 
during the first months of life. Acta Paediatr 86, 1144-7 (1997).
507. Braun, B.L. & Amundson, L.R. Quantitative assessment of head and 
shoulder posture. Arch Phys Med Rehabil 70, 322-9 (1989).
508. Lezberg, S.F. & Jong, A. Still a nagging problem: posture-related backache. 
Dent Surv 49, 26 passim (1973).
509. Mannheimer, J.S. & Rosenthal, R.M. Acute and chronic postural 
abnormalities as related to craniofacial pain and temporomandibular 
disorders. Dent Clin North Am 35, 185-208 (1991).
510. Milne, J.S. & Lauder, I.J. The relationship of kyphosis to the shape of 
vertebral bodies. Ann Hum Biol 3, 173-9 (1976).
511. Milne, J.S. & Lauder, I.J. Age effects in kyphosis and lordosis in adults. Ann 
Hum Biol 1, 327-37 (1974).
512. Grimsby, O. & Gray, J.C. Interrelationship of the spine to the shoulder girdle, 
in Clinics in Physical Therapyphysical Therapy of the Shoulder (ed. 
Donatelli, R.A.) 95-129 (Churchill Livingstone, New York, 1997).
513. Kibler, W.B. Rehabilitation of rotator cuff tendinopathy. Clin Sports Med 22, 
837-47 (2003).
514. Fon, G.T., Pitt, M.J. & Thies, A.C., Jr. Thoracic kyphosis: range in normal 
subjects. AJRAm J Roentgenol 134, 979-83 (1980).
515. Nishiwaki, Y., Kikuchi, Y., Araya, K., Okamoto, M., Miyaguchi, S., 
Yoshioka, N., Shimada, N., Nakashima, FL, Uemura, T., Omae, K. & 
Takebayashi, T. Association of thoracic kyphosis with subjective poor health,
References 271
Subacromial Impingement Syndrome (2012)
functional activity and blood pressure in the community-dwelling elderly. 
Environ Health Prev Med 12, 246-50 (2007).
516. Lewis, J.S. & Valentine, R.E. Clinical measurement of the thoracic kyphosis. 
A study of the intra-rater reliability in subjects with and without shoulder 
pain. BMC Muscnloskelet Disord 11, 39 (2010).
517. Diederichsen, L.P., Norregaard, J., Dyhre-Poulsen, P., Winther, A., 
Tufekovic, G., Bandholm, T., Rasmussen, L.R. & Krogsgaard, M. The 
activity pattern of shoulder muscles in subjects with and without subacromial 
impingement - EMG. JElectromyogr Kinesiol 19, 789-99 (2009).
518. Seghers, J., Jochem, A. & Spaepen, A. Posture, muscle activity and muscle 
fatigue in prolonged VDT work at different screen height settings. 
Ergonomics 46, 714-30 (2003).
519. van Duijn, J., van Duijn, AJ. & Nitsch, W. Orthopaedic manual physical 
therapy including thrust manipulation and exercise in the management of a 
patient with cervicogenic headache: a case report. J Man Manip Ther 15, 10- 
24 (2007).
520. Kibler, W.B., Sciascia, A.D., Uhl, T.L., Tambay, N. & Cunningham, T. 
Electromyographic analysis of specific exercises for scapular control in early 
phases of shoulder rehabilitation. Am J Sports Med 36, 1789-98 (2008).
521. Smith, M., Sparkes, V., Busse, M. & Enright, S. Upper and lower trapezius 
muscle activity in subjects with subacromial impingement symptoms: is there 
imbalance and can taping change it? Phys Ther Sport 10, 45-50 (2009).
522. Lin, J.J., Hung, CJ. & Yang, P.L. The effects of scapular taping on 
electromyographic muscle activity and proprioception feedback in healthy 
shoulders. J Orthop Res 29, 53-7 (2011).
523. Kaya, E., Zinnuroglu, M. & Tugcu, I. Kinesio taping compared to physical 
therapy modalities for the treatment of shoulder impingement syndrome. Clin 
Rheumatol 30, 201-7 (2011).
524. Borstad, J.D. & Ludewig, P.M. The effect of long versus short pectoralis 
minor resting length on scapular kinematics in healthy individuals. J Orthop 
Sports Phys Ther 35, 227-38 (2005).
525. Ellenbecker, T.S. & Cools, A. Rehabilitation of shoulder impingement 
syndrome and rotator cuff injuries: an evidence-based review. Br J Sports 
Med 44, 319-27 (2010).
526. Smith, J., Dahm, D.L., Kotajarvi, B.R., Boon, A.J., Laskowski, E.R., 
Jacofsky, DJ. & Kaufman, K.R. Electromyographic activity in the 
immobilized shoulder girdle musculature during ipsilateral kinetic chain 
exercises. Arch Phys MedRehabil 88, 1377-83 (2007).
527. Kibler, W.B. & Sciascia, A. Current concepts: scapular dyskinesis. Br J 
Sports Med 44, 300-5 (2010).
528. Hicks, A.L., Kent-Braun, J. & Ditor, D.S. Sex differences in human skeletal 
muscle fatigue. Exerc Sport Sci Rev 29, 109-12 (2001).
529. Crawford, H., J, & Jull, G.A. The influence of thoracic posture and 
movement on range of arm elevation
References 272
Subacromial Impingement Syndrome (2012)
9, 143-148 (1993).
530. Stewart, S.G., Jull, G.A., Ng, J.K.-F. & Willems, J.M. An Initial Analysis of 
Thoracic Spine Movement During Unilateral Arm Elevation Journal of 
Manual & Manipulative Therapy'S, 15-20(6) (1995 ).
531. Roy, J.S., MacDermid, J.C. & Woodhouse, L.J. A systematic review of the 
psychometric properties of the Constant-Murley score. J Shoulder Elbow 
Surg 19, 157-64(2010).
532. Angst, F,, Schwyzer, H.K., Aeschlimann, A., Simmen, B.R. & Goldhahn, J. 
Measures of adult shoulder function: Disabilities of the Arm, Shoulder, and 
Hand Questionnaire (DASFI) and its short version (QuickDASH), Shoulder 
Pain and Disability Index (SPADI), American Shoulder and Elbow Surgeons 
(ASES) Society standardized shoulder assessment form, Constant (Murley) 
Score (CS), Simple Shoulder Test (SST), Oxford Shoulder Score (OSS), 
Shoulder Disability Questionnaire (SDQ), and Western Ontario Shoulder 
Instability Index (WOSI). Arthritis Care Res (Hoboken) 63 Suppl 11, S174- 
88 (2011).
533. Gummesson, C., Atroshi, I. & Ekdahl, C. The disabilities of the arm, 
shoulder and hand (DASH) outcome questionnaire: longitudinal construct 
validity and measuring self-rated health change after surgery. BMC 
Musculoskelet Disord 4, 11 (2003).
534. Fan, Z.J., Smith, C.K. & Silverstein, B.A. Assessing validity of the 
QuickDASH and SF-12 as surveillance tools among workers with neck or 
upper extremity musculoskeletal disorders. J Hand Ther 21, 354-65 (2008).
535. Kirshner, B. & Guyatt, G. A methodological framework for assessing health 
indices. Journal of Chronic Diseases 38, 27-36 (1985).
536. Christie, A., Hagen, K.B., Mowinckel, P. & Dagfinmd, H. Methodological 
properties of six shoulder disability measures in patients with rheumatic 
diseases referred for shoulder surgery. J Shoulder Elbow Surg 18, 89-95 
(2009).
537. Othman, A. & Taylor, G. Is the constant score reliable in assessing patients 
with frozen shoulder? 60 shoulders scored 3 years after manipulation under 
anaesthesia. Acta Orthop Scand 75, 114-6 (2004).
538. Gabel, C.P., Michener, L.A., Melloh, M. & Burkett, B. Modification of the 
upper limb functional index to a three-point response improves clinimetric 
properties. J Hand Ther 23, 41-51; quiz 52 (2010).
539. Jensen, I., Nygren, A., Gamberale, F., Goldie, I., Westerholm, P. & Jonsson, 
E. The role of the psychologist in multidisciplinary treatments for chronic 
neck and shoulder pain: a controlled cost-effectiveness study. Scand J 
Rehabil Med 27, 19-26 (1995).
540. Borstad, J.D., Mathiowetz, K.M., Minday, L.E., Prabhu, B., Christopherson, 
D.E. & Ludewig, P.M. Clinical measurement of posterior shoulder flexibility. 
Man Ther 12, 386-9 (2007).
541. Soyer, J., Vaz, S., Pries, P. & Clarac, J.P. The relationship between clinical 
outcomes and the amount of arthroscopic acromial resection. Arthroscopy 19, 
34-9 (2003).
References 273
Subacromial Impingement Syndrome (2012)
542. Kromer, T.O., Tautenhahn, U.G., de Bie, R.A., Staal, J.B. & Bastiaenen, 
C.H. Effects of physiotherapy in patients with shoulder impingement 
syndrome: a systematic review of the literature. J Rehabil Med 41, 870-80 
(2009).
543. Pascarelli, E.F. & Hsu, Y.P. Understanding work-related upper extremity 
disorders: clinical findings in 485 computer users, musicians, and others. J 
Occup Rehabil 11, 1-21 (2001).
544. Bullock, M.P., Foster, N.E. & Wright, C.C. Shoulder impingement: the effect 
of sitting posture on shoulder pain and range of motion. Man Ther 10, 28-37 
(2005).
545. Borstad, J.D. & Ludewig, P.M. Comparison of three stretches for the 
pectoralis minor muscle. J Shoulder Elbow Surg 15, 324-30 (2006).
546. Borstad, J.D. Resting position variables at the shoulder: evidence to support a 
posture-impairment association. Phys Ther 86, 549-57 (2006).
547. Sahrmann, S.A. Does postural assessment contribute to patient care? J 
Orthop Sports Phys Ther 32, 376-9 (2002).
548. Steindler, A. Kinesiology of the human body under normal and pathological 
conditions, (Thomas, 1955).
549. US Army. Goniometry Manual: Technical Manual No. 8-640. Pamphlet No. 
160-14 (Departments of the Army and Air Force, Washington DC, 1986).
550. Boone, D.C. & Azen, S.P. Normal range of motion of joints in male subjects. 
J Bone Joint Surg Am 61, 756-9 (1979).
551. Hislop HJ, M.J. Daniel’s and Worthingham ’s Muscle Testing: Techniques of 
Manual Examination., (WB Saunders, Philadelphia, 1995).
552. Gerhardt, J.J. & Rippstein, J.R. Measuring and recording of joint motion: 
instrumentation and techniques, (Hogrefe & Huber, 1990).
References 274
Subacromial Impingement Syndrome (2012)
11 APPENDICES
11.1 Appendix I: An example of the data collection form that 
includes history taking, physical examination and self- 
reporting questionnaires.
Checklist
RQ
Name:
D.O.B.:
Date of Investigation:
Code
Trust Study No.: 3744
Prior to Patient’s Arrival
□□
□
Preparation oftesting equipment and cleansing material 
Preparation oftwo\ideo cameras and one for standstill photographs 
Hardware set-up
Software set-vp <
Following Patient’s Arrival
□ Clarifying any queries
□ Giving brief explanation about thetests
□ Reading and signing the consent form
Select appropriate project 
Create a new subject 
Configure appropriate channels 
Cut off frequency 1000Hz 
Sampling fiequency3000Hz 
Enable video and audio input 
Check video correction factor 175 ms
Clinical Assessment
□□
History
Physical examination
□ Questionnaires (Eight)
□ Measurement of posture
Shoulder Muscle Strength Te sting [Rest f o r one minute between movement repetitions] 
□ Rexors □ Abductors □ Int. rotators □ Ext. rotators
EMG Evalua ri on [Rest for one minute between the tasks and muscle contractions]
□□□□
Electrodes placement 
Manual muscle examination 
Check baseline offset and shift 
FIT-HaNSA (short form)
□□□□
C onnect EMG s>’stem 
Check the noise level (<10-15 p V) 
Recording 15 seconds of resting EMG 
Muscle fatigue assessmot (at 25%MVC)
Waist up task (1 min.) Rexors (1 min.)
Eye down task (1 min.) Abductors (1 min.)
Overheadtask (1 min.) External rotators (1 min.)
__ Rotation task (1 min.) Internal rotators (1 min.)
Functional impairment test (Full tests) [Rest for 30 seconds between tasks]
□ Waist Up Task [Pll Eyes Down Task □ Overheadwork 
(For 5 minutes) (For 5 minutes) (For 5 minutes)
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HISTORY TAKING
We would appreciate your vohuleering some information aboutyouand you: shoiider to 
help us in its evahiationand treatment. Your complete answers to the informadonbelowwill 
be helpful; however, you should feel free not to respcndto any’ ofthe questions that you find 
objectionable. Please use the bade sides ofthe pages as necessarv'
Personal Identification:
Your name:
Address;
Home Phone: 
e-mail address: 
Occupation 
Usual recreation: 
Right-handed 
Upper limb length: 
Height
Affectedright shoulder
AP-LE
Date of birth: [
Mobile Phone:
cm.
Date last worked: 
Date last done: 
Left-handed 
LE-RSP: cm.
] cm. Weight [ j Kg.
Affectedleft shoiider [
Present History:
Date your shoiider problem began:
Descnbe howyour shoulder problem began:
Mention five factors that aggravate the pain
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Please describe the nature and progression of functional difficulties:
Please select and detail your experience of any ofthe following symptoms:
Symptoms Yes No Details
Anterior shoulder p ain
Lateral shoulder pain
Stiffness
Weakness
Night pain
Rest pain
Sensationof apparent instability
Unwant e d shifting o f the shoulder
Have you Other CurrentMedical Problems? Yes No
If yes. please mertionthe other current medical problems
Are you on treatmentplan?
1. Painkiller medication
2. Acupuncture
3. Localinjection
4. physiotherapy
5. Surgery
Pa st History
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PHYSICAL EXAMINATION
Look(From front, sideandback. Comp are ~b oth sides):
* Shoulder 
configuration:
* Atrophy:
* Asymmetry:
• Drooped 
shoulder
* Prominence or 
swelling
* Others
Feel (Anterior, lateral andposteriorbony stmctiares and articulations)
(Rotator cuff, subacromial andsub deltoid bursae, biceps tendon, axilla and other 
muscles of the shoulder girdle)
* Tenderness:
* Swelling:
* Crepitance:
* Soft tissue
defects
* Prominence or
swelling
* Others
Move
lype Side Flexion Extension Abduct. Adduct. Ext. Rot. Lit. Rot.
Active
Sight
Left
Passive
Right
Left
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Details
Clinical Tests
a> Resisted external rotation*
tt Resisted internal rotation*
Load and shift* 
Anterior drawer 
Posterior drawer 
== Jahnke
jQ
« Inferior sulcus* 
c ^prehension* 
Jobe relocation* 
Surprise / release 
Leffert
Anterior slide 
c Crank
o Slap apprehension 
« O'Brien*
Pain prove cation* 
< Biceps load 1 
Biceps load 2 
Yergasons* 
Speed's*
Neck Examination
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Muscle Strength Tests
To assess the isometric Maximum Voluntary Contraction (MVC)
• To test the Shoulder Flexormuscle group: The aimis forward elevatedto 90° in the 
sagittal plane with the elbowin full extension (at 0°).
• To test the Shoulder Abductor muscle group: The aimis elevatedto 90°in scapular 
plane:
• To test the Extrnal rotator musclegroup: The aimis close to chest wall and in 
neutral position with the elbowis flexed to 90° and the foreazmin neutral rotation
• To test the Internal rotator musclegroup: The aimis close to chest wall and in 
neutral position with the elbowis flexedto 90° and the foreaimin neutral rotation
Part Movement MVC1 MVC2 MVC 3 Total Average 25%*
Right
Upper
limb
Flexion
Abduction
External
Rotation
Internal
Rotation
Left
Upper
Limb
Flexion
Abduction
External
Rotation
Internal
Rotation
*25% MVC is used for submaximal vohmtary contractionto evaluate musde fatigue on 
EMG signals
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Measurements for upper body posture
Reference points
After palpation, non-sllereenic adhesive markers of 6 mm in 
diameter were attached to the following anatomic points (Figure 1):
1. the posterolateral angle of the acromion (point A)
2. the root ofthe spine of the scapula(pointB)
3. the inferior angle ofthe sc^mla (point C)
4. thethoracicspinousprocesscorxespandingwiththeposterolaleralangle ofthe scapula (pointD)
5. the thoracic spinous process corresponding with theroot ofthe spine ofthe scapula (point E)
6. the thoracic spinous process corresponding with theinferior angle ofthe scapula (pointF)
7. the tragus ofthe ear (point G)
S. the seventhcervical(C7) spinous process towhicha 3 -cm strawmarker was attach ed (pointH).
9. the mid-point ofthe humeral head (point I)
10. the mid-point ofthe sternal notch (point J)
11. the tip of thecoracoidprocess (point K)
Thoracic Kyphosis
Variable Measurements AverageFirst Second Third
The depth ofthe curve (1)
The height ofthe curve (2)
Thorax Kyphosis lndexf(1)/(2)]
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Functional Impairment Test - Hand and Neck/Shoulder/Ann
(FIT - HaNSA)
Test Rest
Achieved Duration 
(seconds) Score (%)
Rt. Lt. Rt. Lt.
'Waist-Up"
(for 3 00 seconds = 100%) 30 seconds
"Eye-Down"
(for 300 seconds* 100%) 30 seconds
"CX-erhead Work"
(for 300 seconds* 100%) End
Total Score * Mean of Test 1, Test 2 and Test 3
Test Stopping Criteria
Eachtaskcanbe continued for up to 5 minutes, but is terminated based on the following 
stopping rules:
1. The subject stops or statesitis too painfiilto continue.
2. The subj ect is severely o ff p adngto the extentthatthey are unable to complete one 
repetition of the movemert within 2 beats ofthe metronome.
3. The subj ect substitiles using trunk whole body movement and c amot correct with 
feedback for 5 successive repetitions ofthe task.
4. The examiner believes the subjectis athsk ofinjury or adverse complicationif tests 
were to continue.
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(1) OXFORD SHOULDER SCORE
Date:
Treatment Option 
n Physiotherapy HD ASD
Examination
B Initialat 6 months at 3 months at months
Pleas e put (X) at the most appropriate answer
During the past 4 weeks.........
1. During the past 4 weeks 6 how 
would you describe the worst 
pain you had from your 
shoulder?
BNone Mild
lHlj Moderate 
□ Severe 
C] Unbearable
2. Have you had any trouble 
dressing yourself because of 
your shoulder?
I I: No trouble at all
BQ Little trouble 0 Moderate trouble 
I Extreme difficulty 
j Impossible to do
3. Have you had any trouble 
getting in and out of a car or 
using public transport b ecaus e 
of your shoulder?
JUj No trouble at all 
0 Little trouble 
0. Moderate trouble 
0; Extreme difficulty 
0 Imp os sible to do
4. Have you b een able to use a 
knife and fork at the same time? 
No trouble at all 
Little trouble 
| Moderate trouble 
> Extreme difficulty 
0 Impossible to do
5. Could you do the household 
shopping on your own?
BlU Yes easily 0i With little difficulty 
Sli With mo derate difficulty 
t With extreme difficulty 
| No . imp os sible to do
6. Could you cany a tray
containing a plate of food across 
a room?
0 Yes easily
Bj With little difficulty | With moderate difficulty
BWith extreme difficulty No. impo ssible to do
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(1) OXFORD SHOULDER SCORE
7. Could you brush / comb your 
hair with the affected arm?
EH Yes easily 
FI With little difficulty
□ With moderate difficulty 
p|j With extreme difficulty
□ Nos impossible to do
8. How would you describe the 
pain you usually had from your 
shoulder?
'None 
Very mild 
Mid
Moderate
Severe
9. Could you hang your clothes up 
in a wardrobe, using the 
affected arm?
aS
 Yes easily
With little difficulty 
| With moderate difficulty 
! With great difficulty 
FI No. imp os sible to do
10. Have you b e en able to wash 
and dry yourself under both 
arms?
Yes easily 
With little difficulty 
With moderate difficulty 
With great difficulty 
No, imp os sible to do
11. How much has pain from 
your shoulder interfered with 
your usual work (including 
your hous e work)?
]: Not at all 
!j A little bit 
Hi Moderately 
I Greatly 
| Totally
12. Have you been troubled by 
pain from your shoulder in 
bed at night?
No nights 
Only 1 or 2 nights 
Some nights 
Most nights 
Every night
Total Score:
Notes
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(2) CONSTANT-MUEXEY SCORE
Code:
Treatment Option 
□ Physiotherapy 
□' ASP________
Please mark with a cross
Date:
Examination
HI] Initial □ at 3 months
□; at 6 months i~1 at 12 months
Affected shoulder (resp. Treated shoulder □ Right JH Left
Your dominant hand (Z|* Right JJ1 Left
I. Pain: Please mark with a cross the average intensity of pain of b otli 
shoulders during last week:
Right Shoulder: 
No pain Severe pain
0 1 2 3 4 3 6 7 S 9 10 11 12 13 14 15
Left Shoulder: 
No pain Severe pain
0 1 2 3 4 5 6 7 S 9 10 11 12 13 14 15
II. Profession: Please mark with a cross, for both shoulders, if youhave pain or 
you have b een limited using your arm for o ccupational activity. (If you are 
not employed, pleaseindicatefor main activity of daily living).
Right Shoulder Left Shoulder
a. No limitation
b. Less than reduced to the half
c. Reduced to the half
d. More than reduced to die half
e. Completely reduced
III. Leisure: Please mark with a cross, for both shoulders, if youhave pain or 
have been limited in recreational activities (Hobby. Sports, Garden, etc.)
Right Shoulder Left Shoulder
a. No limitation
b. Less than reduced to the half
c. Reduced to the half
d. More than reduced to the half
e. Completely reduced
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(2) CONSTANT-MURLEY SCORE
IV. Working height: Please mark mill a cross up to which height you are able 
to perform pain free or without limitation. Activities (i.e. hang up laundry)
are able up to and including
a. Belt height
b. Chestheight
c. Keck height
d. Up to the top of head
e. Above head
Sight Shoulder Left Shoulder
V. Sleep: Please mark with a cross, if your sleep is disturbed
a. Not disturbed
b. Wake up occasionally
c. Wake up continuously
Sight Shoulder
im
Left Shoulder
VI. Pain free forward elevation of the arm
a. 0° - 30°
b. 31° - 60°
c. 61° - 90°
d. 91® - 120®
e. 121° - 150®
f. >150®
Right Shoulder Left Shoulder
VII. Pain free lateral elevation of the arm
a. 0® - 30®
Right Shoulder
b. 31® - 60® □
c. 61° - 90® fifli
d. 91° - 120® □
e. 121® - 150® fill
f. >150® □
Appendices 288
Subacromial Impingement Syndrome (2012)
(2) CONSTANTMURLEY SCORE
MIL Pain free internal rotation behind the body, the hand is
Right Shoulder Left Shoulder
a. at the side of the body □ □
b. Up to the origin of the pocket □ □
c. Up to under the belt □ □
d. At the belt level □ □
e. Just above the belt □ □
f. Between the scapulae □ □
Pain free external rotation, the hand is. .......
Right Shoulder Left Shoulder
at the neck with elbow' held forward □ □
. on top of the head with elbow'held forward [ □
at the neck with elbow' held back □ □
. on top of the head with elbow' held back □
above head □ □
No painful movement □ □
X. Measurement of power: Please fill a paper-bag with 1L Tetra-Packs and 
keep this in the below'-mentioned position for 5 seconds. Please indicate 
how' much kg you are able to keep.
»• * •«
Right: Mt:
"•ighl: ___ kg = R)S Wrtdght____ kg =
Not**:
THANK YOU!
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(3) DISABILITIES OF THE ARM SHOULDER AMD HAND
Please rate your ability to do die following activities in the last week by circling
Item N
o
di
ffi
cu
lty j=T
rzl o
5SSS
M
od
er
at
e
di
ffi
cu
lty
Se
ve
re
di
ffi
cu
lty
U
na
bl
e
1. Open a tight or new jar. 1 2 3 4 5
2. Write. 1 2 3 4 5
3. Turn a key. 1 2 3 4 5
4. Prep are a meal. 1 2 3 4 5
5. Push open a heavy door. 1 2 3 4 5
6. Place an object on a shelf above your head. 1 2 3 4 5
7. D o heavy hous eh old chores (e.g. wash
walls., wash floors).
1 2 3 4 5
8. Garden or do yard woik. 1 2 3 4 5
9. Make a bed 1 2 3 4 5
1 G.Carry a shopping bag or briefcase 1 2 3 4 5
11.Carry a heavy object (over 10 lbs). 1 2 3 4 5
12.Change a light bulb overhead. 1 2 3 4 5
13.Wash or blowr dries your hair. 1 2 3 4 5
14.Wash your back 1 2 3 4 5
15.Put on a pullover sweater. 1 2 3 4 5
16.Use a knife to cut foo& 1 2 3 4..... "'5"“
1 ^Recreational activities which require a little
effort (e.g. card playing, knitting, etc.)
1 2 3 4 5
1 S.Re creational activities in which you take
some force or impact through your arm, 
shoulder or hand (e.g.. golf, hammering, 
tennis, etc.).
1 2 3 4 5
19.Recreational activities in which you move
your arm freely (e.g.: playingFrisbee, 
badminton, etc.).
1 2 3 4 5
2Q.Manage transportation needs (getting from
one place to another). 1 2 3 4 5
21. Sexual activities 1 2 3 4 5
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(3) DISABILITIES OF THE ARM SHOULDER AMD HAND
Item
T§
Q
■M
&a-
A*ME
•S £
iS
22.During the past-week, to \vhatextenth.zs
your arm. shoulder or head problem 
interfered with your normal soci al activities 
with family, friends, neighbours or groups? 
(circle numbm).
1 2 3 4 5
■S3
M *3
o53
I?!
Eq ^
■S0
i
V
er
y l
im
ite
d
U
na
bl
e
23.During the past week, were you limited in
your work or other regular daily activities as 
a result of your arm, shoulder or hand 
problem? (circle nimbe^.
1 2 3 4 5
Please rate the severity of the following symptoms in the last week (circle 
number).
Item 5o6 *
1 Mode
ra
te &&
M
i8
24. Ann, shoulder or hand pain. 1 2 3 4 5
25. Arm. shoulder or hand pain when jmu
performed any specific activity. 
26.Tingling (pins and needles) in your arm. 
shoulder or hand.
2 7. Weakness in your arm shoulder or hand. 1 2 3 4 5
28.Stiffhess in your amt shoulder or hand. 1 2 3 4 5
29.During the past week, how much difficulty
have you had sleeping because ofthe pain in 1 2 3 4 5
your arm, shoulder or hand? (circle number)
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(3) DISABILITIES OF THE ARM SHOULDER AND HAND
Item
St
ro
ng
ly
di
sa
gr
ee
D
isa
gr
ee
■3 o
1
<£ Jj raP
DO
30.1 feel less capable, less confident or less
nseM because ofmy arm. shoulder or hand 1 2 3 4 5
problem, (circle: mam er)
DASH DISABILITY/SYMPTOMS SCORE l] x 25,
Where n is equal to the number of completed responses.
A DASH score may not be calculated if there are greater than 3 missing items.
WORK MODULE (OPTIONAL)
The following questions ask ab out the impact of your arm shoulder or hand 
problem on your ability to work (including homemaking if that is your main 
work role).
Please indicate what your job/work is:
> I do not work. (You may skip this section.)
Please circle the number that best describes your physical ability in the past 
week. Did you have any difficulty?
Item
1. Using your usual technique for your 
work?
2. Doing your usual work because of arm, 
shoulder or hand pain?
3. Doingyour work as well as you would 
like?
4. Sp ending your usual amount of time 
doing your work?
Q
P5
1
1
1
1
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5
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(3) DISABILITIES OF THE ARM SHOULDER AND
HAND
SPORTS PERFORMING ARTS MODULE (OPTIONAL)
The following questions relate to the impact of your arm, shoulder or hand 
problem on playing your musical instrument or sport or bath.
If you play mere than one sport or instrument (or play both), please answer with 
respect to the activity w'hich is most important to you
> I do not play a sport or an instrument. (You may skip this section.)
Please circle the number that best describes your physical ability in the past wTeek. 
Did you have any difficulty?
Item
N
o 
di
ffi
cu
lty
M
ild
 d
iff
ic
ul
ty
M
od
er
at
e
di
ffi
cu
lty
Se
ve
re
di
ffi
cu
lty
1. Using your usual technique for playing your
instrument or sport?
1 2 3 4
2. Playing your musical instrument or sport 
because of arm shoulder or hand pain?
1 2 3 4
3. Playing your musical instrument or sport as 
well as you would like?
1 2 3 4
4. Spending your usual amount of time 1 2 3 4
practising or playing your instrument or 
sport?
2cc
«sC
5
5
5
5
SCORING THE OPTIONAL MODULES: Add up assigned values for each 
response: divide by 4 (number of items): subtract 1; multiply by 25.
An optional module score may not be calculated if there are any missing items
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(4) LIFESTYLE
Date:
Treatment Option
□ Physiotherapy £3 ASD 
Examination
JHJl Initial jQ at 3 months
□ at 6 months [31 at 12 months
What is the physical demand and amount of overhead activity involved in 
your jobs now or in the past?
Grade Pliydca! demand (PL Tick) Ch^erliead activiiy (PL Tick)
Liglit
Medium
Moderately heavy
Heavy
Vety heavy
Current Past Past
How much stress do and did you feel at How satisfied are and were you with 
work? your j ob? (PL lick)
Work Stress Current Past Current Past
Often Hi S|! Not satisfied O’ o
Sometimes H □ Somewhat Q m
Seldom D f~l Mostly jOj o
Never Cl; O Totally satisfied □
Smoking Habit?
Never smoked O; Fomier smoker O Current smoker Oj
No of cigarettes smoked per day?
Less than 10 [3 10-20 © more than 20 □
For how many years have you smoked?..........
If a former smoker* which year did you stop?...
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(4) LIFESTYLE
Alcohol consumption habit?
Never consumed CD Fomier consumer □ Current consumer CD
Beer (No. Of pints cGnsumedperw^elc)........................
Wine (No. Ofglasses consumed per wTeek)...................
Spirits of equivalent (No. Of 30 nrimeasures/week).......
No o fyears ofalcolml consumption.............................
If a fomier consumer, which year did you stop..............
Coffee (caffeine) Consumption habit?
Never consumed CD Fomier consumer O Cmrent consumer CD;
No. Of cups consume dp er day..................................... ........................
No. Of years of consumption.......................................
If a fomier consumer, which year did you stop?.............. ........................
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(5) General Health (SF12)
Please put a cross (X) at the most appropriate response for each question.
1. hi general, would you say your health is...
HJ Excellent (1) □ Fair (4)
0 Very good (2) □ Poor (5)
Pi Good (3)
The following two questions are about activities you might do during a 
typical day. Does your health now limit you in these activities ?If so. how 
much?
2. Moderate Activities, such as moving a table, pushing a vacuum cleaner, 
bowling or playing golf:
□j Not at all (1) □ A lot (3)
□ A little (2)
3. Climbing several flights of stairs:
O Not at all (1) Q A lot (3)
Q A litde (2)
During the PAST 4 WEEKS, how much of the time have you had any of 
the following problems with your work or regular daily activities As a 
result of your physical health?
4. Accomplishedless than you would like:
P None of the time (1) 0: Most of the time (4)
0 A little of the time (2) 0 Ail of the time (5)
0 Someofthetime{3)
5. You were limited in the kind of work or other activities you could do:
0} None of the time (1) □ Mostofthetime(4)
0 A little of tire time (2) 0 All of the time (5)
0 Some of the time 0)
6. During die PAST 4 WEEKS, how much did pain interfere with your 
normal work (including b oth outside the home and housework)?
0 Not at all (1) □ Quite a bit (4)
0; A little bit (2) 0 Extremely (5)
M Moderately (3)
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(5) General Health (SF12)
7. Dining the past 4 weeks, how much of the time haveyou a lot of energy?
□ All of the time (1) O A little of the time (4)
P Most of the time (2) □ None of the time (5)
P Some of the time (3)
During the past 4 weeks, how much of the time have you had any of the 
following problems with your work or other daily activities as a result of 
any emotional problems, such as feeling depressed or anxious?
8. Accomplishedless than you would like:
Pj None of the time (1) O Most of die time (4)P| A little of die time (2) Q' All of the time (5)
Hll Someofthetime(3)
9. You have trouble doing work or other activities as carefully as usual:
□ None of the time (1) □ Most of the time (4)
BA little of the time (2) □ All of the time (5)Some of the time (3)
1 Q.During the past 4 weeks, how much of the time haveyou felt calm and 
peaceful?
□ All of the time (1) |~j A little of the time (4)
I I Most of the time (2) jlili None of the time (5)
□ Some of the time (3)
11 .During the past 4 weeks, how much of the time haveyou fdt downhearted 
and blue?
)H None of the time (1) Mo st of the time (4)
I A little of the time (2) p All of the time (5)Some of the time (3 )
12.During the last 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities, like visiting with 
friends, relatives, etc.
Most of the time (4)
_J All of the time (5)
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(6) UPPER LIMB FUNCTIONAL INDEX
Y our upper limb (arm) may make it difficult to do some of the things you 
normally do. This list contains sentences people oftenuseto describe 
themselves when they have such problems. Think of yours elf over the last few 
days. If an item describes yoa mark the box with a cross (X). If not. leave the 
box blank.
Due to mv arm:
j_J 1 - I stay at home most of the time.
□ 2.1 change position frequently for comfort.
Q 3. I avoid heavyjobs(e.g. cleaning, lifting more than 5kg or 10 lbs 
and gardening).
□ 4. I rest more often.
Q 5.1 get others to do things for me. 
jEJj 6. I have pain almost all the time.
Q 7. I have difficulty lifting and carrying (e. g. b ags and shopping up to 
5kg or 10 lbs.
□ 8. My appetite is now different.
D 9 - My walking or normal recreational activity is affected.
D 10. I have difficulty with normal home or family duties and chore s.
Q 11. I sleep less well.
H 12. I need assistance with p er sonal care (e. g. washing and hygi ene).
IB 13. My regular daily activities (e.g. work and social contact) are
affected.
[U 14. I am more irritable and / or b ad tempered.
JJJ 15. Ifeelweakand/orstiffb:
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(6) UPPER LIMB FUNCTIONAL INDEX
16. My transport independence is affected (driving: public transport)
17. I have difficulty putting my arm into a shirt sleeves or need 
assistance dressing.
1S. I have difficultly writing or using a key b oard and / or “mous e”
19.1 am unable to do things at or ab ove shoulder height
20.1 have difficulty eating or using utensils (e.g. knife, fork spoon, 
chop sticks)
21.1 have difficulty holding and moving dense objects (e.g. mugs, jars 
and cans).
22.1 tend to drop tilings and / or have minor accidents more 
frequently.
23. I use the other arm more often
0j 24.1 have difficulty with buttons; keys coins, taps/ faucets, containers 
or screw top lids.
D 25. I have difficulty opening, holding pushing or pressing (e.g. 
triggers, lever and heavy doors).
Patient Specific Index
Note 5 activities that are important to you and affected by your arm problem. If 
you cannot think of 5. choose from the ones you haw marked above. Score 
each activity on a scale range as follows, youmay use half marks.
Activity Score.
1
2
3
4
5
Think of yourself over the last few days and due to your arm— assess your 
overall status compared to your normal pre-injury level?
01234 5 6789 10
Pre-injury Worst
or Normal Possible
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(7) HOSPITAL ANXIETY AND DEPRESSION SCALE
Please circle the most appropriate response for each question.
Questions Yesdefinitely
Yes
sometimes
No.
not
much
No, 
not at 
all
1 I wake early and then sleep badlyfor the rest of the night. 3 2 1 0
2
I get very frightened or get panic
feelings for apparently no reason at 
all.
3 2 1 0
3 I feel miserable and sad. 3 2 1 0
4 I feel anxious when 1 go out of thehouse on my own. 3 2 1 0
5 I have lost interest in things. 3 2 1 0
6
I get palpitations or sensations of
“butterflies'* in my stomach or 
chest.
3 2 1 0
7 I have a good appetite. 0 1 2 3
S I feel scared or frightened. 3 2 1 0
9 I feel life is not worth living. 3 2 l 0
10 I still enj oy the things I used to. 0 1 2 3
11 I am restless and I can't keep still. 3 2 1 0
12 I am more irritable than usual. 3 2 1 0
13 I feel as though! have sloweddown. 3 2 1 0
14 Worrying thoughts constantly go through my mind 3 2 1 0
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(8) THE McGILL PAM QUESTIONNAIRE
There are S parts of this questionnaire
Part 1: What Does Your Para Feel Like?
Statement: Some of the following words below describe your present pain. Circle 
ONLY those words that best describe it. Leave out any category that is not suitable. 
Use only a. single word in each appropriate group - the one that applies best.
Group Descriptor Point Group Descriptor Point
(1) SENSORY
TempofEl
Flickering 1 "PJSENS'O'RY—
Dulluess
Dull 1
Quivering 2 Sore 2
Pulsing 3 Hurting 3
Throbbing 4 Aching 4
Beating 5 Heavy 5
Pounding 6 ■WSENS'ORY... Tender I
■U) isElNSUKY
Spatial
Jumping 1 Taut 2
Hashing 2 Rasping 3
Shooting 3 Splitting 4
SkiNSQKY
Punctuate
Pressure
Pricking 1 (ll)AFI*ECTiVE
Tension
Tiring 1
Boring 2 Exhausting 2
Drilling 3 (12) AFFECTIVE
Autonomic
Sickening 1
Stabbing 4 Suffocating 2
Lancinating 5 (13) AFFECTIVE
Fear
Fearful 1
(4) SENSORY
Incisive
Pressure
Sharp 1 Frightening 2
Cutting 2 Terrifying 3
Lacerating 3 (14) AFFECTIVE
Punishment
Punishing 1
(S) SENSORY
Constrictive
Pressure
Pinching 1 Gruelling 2
Pressing 2 Cruel 3
Gnawing 3 Vicious 4
Cramping 4 Killing 5
Crushing 5 (E)AFFECIIVE Wretched 1
(6) SENSORY Tugging 1 Blinding 2
Traction
Pressure Pulling 2 1M Annoying 1
Wrenching 3 EVALUAUVE Troublesome 2
'(7) SENSORY
Thermal
Hot 1 Miserable 3
Burning 2 Intense 4
Scalding 3 Unbearable 5
Searing 4 TIT) Spreading 1
l^ySEN'S'ORY Tingling 1 NEOUS Radiating 2Brightness Itchy 2 Penetrating 3
Smarting 3 Piercing 4
Stinging 4
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(8) THE McGILL PAIN QUESTIONNAIRE
(19)
KflSCELLA-
NEOUS
Cool 1
Cold 2
Freezing 3
(20)
MISCELLA-
NEOUS
Nagging 1
Nauseating 7X*
Agonising 3
Dreadful 4
Torturing 5
(18)
MISCELLA­
NEOUS
Numb
Drawing
Squeezing
Tearing
Part 2: How7 does your pain c hange w ith Time?
Question Response Points
Which wrord or wrords wTould 
you use to describe the pattern 
of your pain?
Continuous, steady, constant 1
Rhythmic, periodic, intemrittent 2
Brief, momentary, transient 3
Do the following items increase or decrease your pain?
What kinds of things decrease your pain?
g)---------------------------------------------------------------------------------------------------
What kinds of things increase your pain?
(2)-------------------------------------------
(3) -------------------------------------------
(4) -------------------------------------------
(5) -------------------------------------------
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(8) THE Me GILL PAM QUESTIONNAIRE
PART 3: How strong is your pain?
Statements People agree that the following 5 words (mild, discomforting, distressing, 
horrible, excmciating)representpain o f increasing intensity. To answer each question b elow 
circle the mo st appropriate resp onse.
Question Response Points
Which wordb est describes
yourpainright now?
MBd 1
Discomforting 2
Distressing 3
Honible 4
Excruciating 5
Which word describ es it at its
worst?
Mild 1
Discomforting 2
Distressing 3
Horrible 4
Excruciating 5
Which word describ es it
when it is atits least?
Mild 1
Discomforting 2
Distressing 3
Honible 4
Excruciating 5
Which word describ es the
worst to othache y ouhave 
ever had?
Mild 1
Discomforting 2
Distressing 3
Horrible 4
Excruciating 5
Which word describ es the
worstheadacheyouhave 
ever had?
Mild 1
Discomforting 2
Distressing 3
Horrible 4
Excruciating 5
Which word describ es the
worst stomach ache youhave 
everhad?
Mild 1
Discomforting 2
Distressing 3
Horrible 4
Excruciating 5
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Radiological Assessment
Autero -Po sterio r View
OA changes
Greater tub erosity sclerosis 
Greater tuberosity cyst 
Osteopenia 
Calcific deposit 
Hiil-sachs lesion 
Heverse Hill -Sa chs lesion 
Bony Bankart 
Others
Axial View
OA changes
Greater tub erosity sclerosis 
Greater tub erosity cyst 
Osteopenia 
Calcific deposit 
Hiil-sachs lesion 
Reverse Hill -Sachs lesion 
Bony Bankart 
Others
Supra spin a tus Outlet Yieu
Acromion Typ e (I) 
Acromion Typ e (II) 
Acromion Typ e (HI) 
Spurundertheacronion 
Acromio cla-vicularj ointOA 
Others
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11.2 Appendix II: A summary of the demographic data associated 
with all participants in the study.
11.2.1 Appendix II: Table 1: A summary of the demographic data 
associated with all participants in the study.
The gender of participants is indicated by (F) for females and (M) for males. The participants 
were classified according to their country of origin into Caucasian (C) and non-Caucasian (NC).The 
pathology of patients was categorized into unilateral impingement (UIMP), unilateral 
impingement improved (UIMPIMP), bilateral impingement (BIMP), and unilateral 
impingement with another associated pathology including superior labrum from anterior to 
posterior (SLAP) lesion, rotator cuff partial tear (RCPT), rupture of long head of biceps brachii 
(RLHBB) and tendinosis of long head of biceps brahii (TLHBB). A prefix of R (right) or L 
(left) was added to the pathology category to specify the affected shoulder in UIMP patients. 
NA indicates no abnormality detected. The pain duration is indicated in months.
2:p
Participant
code
Patient/
control
A
ge (years)
H
eight (cm
)
W
eight (kg)
G
ender
Country  of 
origin
Ethnicity
H
andedness
Pathology
Pain duration 
(m
onths')
1 P1CB500485 patient 55 167 118 F UK C Right R-UIMP 7
2 P2EP412107 patient 63 158 95 F UK C Right L-UIMP 18
3 P3JM412929 patient 60 174 90 F UK C Right R-UIMPIMP 14
4 P4EW500897 patient 53 185 96 M UK C Right L-UIMP 12
5 P5PT401838 patient 62 155 64 F UK C Left L-UIMPIMP 12
6 P6BS500006 patient 54 160 103 F UK C Right R-UIMP 18
7 P7WR702377 patient 33 152 58 M Pakistan NC Right BIMP 14
8 P8JB501472 patient 58 164 74 M UK C Right BIMP 24
9 P9KL400186 patient 64 158 70 F UK C Right L-UIMP 9
10 P10LD501224 patient 56 170 89 F UK C Right BIMP 12
11 P11MA600731 patient 49 173 63 F UK c Right BIMP 18
12 P12GS500438 patient 52 160 75 F Nigeria NC Right R-UIMPIMP 24
13 P13EB402756 patient 64 180 84 M UK c Right R-UIMP+SLAP 24
14 P14AC511926 patient 54 179 88 M UK c Right BIMP 18
15 P15SC602647 patient 43 177 83 M UK c Right L-UIMP 15
16 P16CS512025 patient 55 186 86 M UK c Right L-UIMP 16
17 P17MW510117 patient 53 163 69 F UK c Right R-UIMPIMP 24
18 P18JA500832 patient 55 180 99 M UK c Right L-UIMP+RCPT 12
19 P19GB511310 patient 60 170 80 M UK c Left L-UIMP+RLPIBB 21
20 P20PR601645 patient 54 152 64 F UK c Right BIMP 8
21 P21RW512215 patient 55 164 73 M UK c Right BIMP 8
22 P22AW611024 patient 46 168 83 F UK c Right L-UIMP 11
23 P23AP502938 patient 52 155 55 F UK c Right L-UIMP 6
24 P24PY400149 patient 61 174 94 M UK c Right BIMP 20
25 P25PL502339 patient 51 178 82 M UK c Right R-UIMP+SLAP 18
26 P2 6GB 502465 patient 55 165 67 F UK c Right L-UIMP 30
27 P27MB311628 patient 72 180 83 M UK c Right L-UIMP 24
28 P28PD411427 patient 63 152 72 F UK c Right L-UIMP 15
29 P29PB500358 patient 52 155 70 F UK c Right L-UIMP 9
30 P30PW500697 patient 53 158 66 F UK c Right BIMP 14
31 P31NW411929 patient 61 152 76 F UK c Right R-UIMP 8
32 P32JT500896 patient 54 177 89 M UK c Right R-UIMP+RCPT 11
33 P33MS602113 patient 48 155 77 M UK c Right BIMP 7
34 P34GS502899 patient 51 174 87 M UK c Right R-UIMP 8
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Continued from appendix II: Table 1.
2p
Participant
code
Patient/
control
A
ge
H
eight (cm
)
W
eight (kg)
G
ender
Country  of
origin
Ethnicity
H
andedness
Pathology
Pain duration 
(m
onths)
35 P35MG501061 patient 59 183 90 M UK C Right R-U1MP 12
36 P36RN5 00472 patient 58 162 82 F UK C Right BIMP 8
37 P37KV600670 patient 50 180 105 M UK C Right BIMP 10
38 P38CT600972 patient 48 170 90 F UK C Right L-UIMP 14
39 P39AA512006 patient 54 165 61 M UK C Right R-UIMP+TLHBB 19
40 C01VA512018 control 52 158 62 F UK C Right NA -
41 C02AR602176 control 44 177 68 M UK C Right NA -
42 C03IW600722 control 48 170 72 M UK C Right NA -
43 C04SR800762 control 28 164 65 F India NC Right NA -
44 C05JD712417 control 33 186 80 M UK C Right NA -
45 C06RH712512 control 38 191 120 M UK C Right NA -
46 C07JS503117 control 53 163 62 F UK C Right NA -
47 C08AA602398 control 42 186 71 M Sudan NC Right NA -
48 C09EA600115 control 45 156 70 M Sudan NC Right NA -
49 C10AB502146 control 54 158 70 M Yemen NC Right NA -
50 C11SE501270 control 60 175 78 M Sudan NC Left NA -
51 C12HS401522 control 68 178 97 M India NC Right NA -
52 C13YA801072 control 28 166 72 M Iraq NC Right NA _
53 C14AA611006 control 44 168 74 M Yemen NC Right NA -
54 C15AK500115 control 36 174 74 M Egypt NC Right NA -
55 C16AA710104 control 55 167 85 M Yemen NC Right NA -
56 C17IA503075 control 55 166 70 M Palestine NC Right NA -
57 C18JS603069 control 41 168 68 M Yemen NC Right NA -
58 C19MS600898 control 42 175 68 M Morocco NC Right NA -
59 C20HN600544 control 46 156 62 M Yemen NC Left NA -
60 C21MM703053 control 38 175 78 F UK C Right NA -
61 C22SR601987 control 44 170 68 F UK C Right NA -
62 C23TC412015 control 66 188 84 M UK C Right NA -
63 C24JW600382 control 49 178 74 F UK C Right NA -
64 C25SA700621 control 40 166 68 F UK C Right NA -
65 C26MR501157 control 54 168 80 F UK C Right NA _
66 C27NU700467 control 34 163 50 F UK C Right NA -
67 C28KL500648 control 53 168 70 M UK C Right NA -
68 C29BS502372 control 54 162 72 F UK C Right NA -
69 C30CU508246 control 55 170 84 M UK C Right NA -
70 C31CC802610 control 31 173 69 F UK C Right NA -
71 C32LM702257 control 34 168 69 F UK C Right NA -
72 C33EO603035 control 46 178 76 M UK C Right NA -
73 C34IM600894 control 47 182 82 F UK C Right NA -
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11.3 Appendix III: Clinical tests available for the assessment of 
shoulder disorders.
Neer sign81: The sign is assessed with the patient standing. The scapula is stabilized by the examiner, 
and the arm is forward flexed until the patient reports pain or full elevation is reached,
Hawkins and Kenndy sign245: The patient is examined in sitting position with their arm and elbow 
flexed to 90°, supported by the examiner to ensure maximal relaxation. The examiner stabilises the 
arm proximal to the elbow with one hand and with the other holds just proximal to the patient’s wrist. 
The arm is forced into internal rotation. Pain is located to the subacromial space due to impingement 
of the rotator cuff between the greater tuberosity and undersurface of acromion.
Drop Arm: The examiner passively abducts the patient’s shoulder to 90° in the coronal plane. The 
patient is asked to sustain this position while the examiner “pushes” the patient’s arm downwards near 
their elbow. If the arm drops, that indicates a full thickness rotator cuff tear.
External rotation Lag Sign255: The patient is examined in sitting position with their back to the 
examiner. Their elbow is passively flexed to 90° and shoulder held at 20° in the scapula plane near 
maximal external rotation (i.e. maximum external rotation minus 5° to avoid elastic recoil in the 
shoulder. The patient is asked to actively maintain the external rotation position as the examiner 
releases the wrist while maintaining limb support at the elbow. The test is positive if a lag or angular 
drop occurs due to infraspinatus muscle tear. The magnitude of the lag is recorded to the nearest 5°.
Full Cans256: The patient is tested at 90° elevation in the scapula plane and 45° external rotation (full 
can). Patient resists downward pressure exerted by the examiner at patient’s elbow or wrist. Pain is 
localized to subacromial region with or without weakness.
Empty Cans211: The patient is tested at 90° elevation in the scapula plane and full internal rotation 
(empty can) or 45° external rotation (full can). Patient resists downward pressure exerted by the 
examiner at patient’s elbow or wrist.
Internal Rotation Resistance Test258: The patient’s arm is held in 90° abduction in the coronal plane 
and approximately 80° of external rotation. The patient is first asked to perform resisted external 
rotation against the examiner’s hand followed by internal rotation. Good strength of the external 
rotators and apparent weakness in internal rotation is a positive test.
Lift-Off259: The patient is examined in a standing position and asked to place their hand behind their 
back with the dorsum of the hand resting in the mid-lumbar spine region. The dorsum of the hand is 
raised off the back by maintaining or increasing internal rotation of the humerus and extension at the 
shoulder. To perform this test, the patient must have full passive internal rotation so that it is 
physically possible to place the arm in the desired position and pain cannot be a limiting factor during 
the maneuver. The ability to actively lift the dorsum of the hand off the back constitutes a normal lift­
off test and indicates subscapularis rupture or dysfunction.
Belly-press (Napoleon)260: The patient is asked to maintain the following position. Both hands press 
on the abdomen, while the elbow and forearm are placed in the frontal plane. The sign is positive if 
the patient is unable to maintain the elbow in the given position. When there is a tear in the 
subscapularis, the elbow typically drops or lags posteriorly.
Load and Shift261: The examiner creates a loading force to relocate the humeral head centrally in the 
glenoid. In this “loaded position” directional stresses are applied. The examiner places one hand over 
the shoulder and scapula to stabilise the shoulder girdle and uses the other hand to grasp the humeral 
head. The humerus is loaded into the glenoid and then translated anteriorly and posteriorly. As the 
applied stress is increased, the humeral head may be felt to ride up the glenoid rim. This test does not 
only assess the amount of translation but also provides an idea about the adequacy of the glenoid lip. 
It is critically important to compare the two shoulders to appreciate similarities or differences in 
translation. The test is then repeated in supine position. In this position, the arm is grasped and 
positioned in about 29° of abduction and forward flexion.
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The humeral head is again loaded and then posterior and anterior stresses are applied. Although the 
translation is assessed initially in the neutral position with the arm by the side, it is important to assess 
translation in other positions as well. For example, by progressively externally rotating the arm in the 
normal shoulder in abduction, one should appreciate less translation anteriorly as the inferior 
glenohumeral ligament (GHL) becomes tight and acts as a restrain. Similarly, by internally rotating the 
arm, posterior translation is diminished with an intact posterior capsular structure. Grading system is 
utilised to quantify the amount of translation: (1) Mild 0-1 cm translation, (2) Moderate >1-2 cm 
translation or translate to glenoid, and (3) Severe >2 cm translation or over the rim.
Anterior-Drawer2'’2: Ideally this test should be performed with the patient in supine as sitting and
standing positions have been shown to be unreliable with respect to reproducibility. The examiner stands 
facing the affected shoulder e.g. left. They fix the patient’s left hand in their right axilla by adducting 
their humerus. The affected shoulder is held at 80°-120° of abduction, 0°-20° of forward flexion and 0°-30° 
of external rotation. The examiner holds the patient’s scapula spine forward with his index and middle 
fingers; his thumb exerts counter pressure on the coracoids. The scapula is fixed. The examiner uses his 
right hand to grasp the patient’s relaxed upper arm and draw it anteriorly with a force comparable to that 
used in a Lachmann’s test. (NB it is possible to repeat the anterior drawer in different positions of 
abduction and external rotation as described in the load and shift test to test the individual components of 
the GHL complex). The relative movement between the fixed scapula and the movable humerus can 
easily be appreciated and graded. Occasionally the examiner may reproduce an audible click on forward 
movement of the humeral head due to labral pathology and this is usually associated with apprehension.
Posterior-Drawer262: The patient must be examined in supine position. The examiner stands level with
the affected shoulder. Assuming the left shoulder is being tested, the examiner grasps patient’s proximal 
forearm with his left hand, flexes elbow to about 120°, and positions shoulder into 80°-120° of abduction 
and 20°-30° of forward flexion. The examiner holds the scapula using his right hand with index and 
middle finger on the scapula spine and thumb lies immediately lateral to the coracoids process; so that its 
ulnar aspect remains in contact with the coracoids whilst performing the test. With his left hand, the 
examiner slightly rotates the upper arm medially and flexes it to about 90°. During this manoeuvre, the 
thumb of the examiner’s right hand induces sublaxation of the humeral head posteriorly. This posterior 
displacement can be appreciated as the thumb slides along the lateral aspect of coracoids process towards 
the glenoid, and the humeral head abuts against the ring finger of examiner’s right hand. This manoeuvre 
is pain free, but is often associated with a slight to moderate degree of apprehension. As in the load and 
shift and anterior-drawer tests, this can be repeated in different positions of flexion and medial rotation to 
search out the posterior GHL complex and posterior labral integrity._______________________________
Jahnke: Reproduces posterior subluxation by posteriorly stressing the forward flexed arm at 90° of 
elevation in neutral rotation. Continued stress whilst extending the arm into an abducted position will 
produce a clunk or obvious feeling of reduction of a subluxed humeral head. The patient often 
appreciates this as a reproduction of their instability.____________________________________________
Inferior-Sulcus263: The patient is examined in a sitting or standing position with the shoulder in a
neutral position. It is important for the shoulder muscles to be relaxed with stress applied above the elbow 
(this eliminates the effect of biceps and triceps brachii). Traction is applied with the arm grasped 
downward. The examiner watches for dimpling of the skin below the acromion. Palpation reveals 
widening of the subacromial space between the acromion and the humeral head._____________________
Apprehension1™: In supine, the patient is positioned with the scapula supported by edge of the
examining table. The arm is positioned in 90“ abduction and external rotation. With increasing external 
rotation the examiner watches for apprehension of the patient. This test is often performed in sitting 
position and the examiner exerts an anterior translator force with their thumb placed posteriorly on the 
humerus. However, their fingers are anterior to control any sudden instability episode that may occur.
Jobe Relocation120: The examiner repeats the apprehension test as described above and notes the
amount of external rotation before the onset of apprehension. The examiner then returns to the start 
position and applies a posterior stress over the humeral head. Finally, the examiner then repeats the 
external rotation manoeuvre and again notes the mount of external rotation as onset of apprehension._____
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11.4 Appendix IV: An example of an individual summary sheet of 
non-electromyography data.
Af
fe
c.
 (1
)
D
is
co
m
fo
rt 
la
te
ra
lly
 a
t 1
60
 |
z z z z z z z Z z Z z z z z z z
D
ee
p 
po
st
er
io
r p
ai
n
z z Z
U
na
ffe
c.
 (R
)
D
is
co
m
fo
rt 
la
te
ra
lly
 a
t 1
60
 j
z z z z z z z z z z z z z z z z z z z z
£
1
Pa
in
fu
l a
rc
N
ee
r's
si
gn
H
aw
ki
n'
s 
si
gn
D
ro
p 
ar
m
 j
bjQ
to
o
cc
S
I Ext
. R
ot
. R
es
is
ta
nc
e!
D
ro
p 
si
gn
|
*91
tao
J3
occ:
£
In
t. 
R
ot
. R
es
is
t, j ito
fu
ll 
ca
n |
Em
pt
y 
ca
n| 2
Lo
ad
 a
nd
 s
hi
ft]
In
fe
rio
r s
ul
cu
s]
Ap
pr
eh
en
si
on
c
.9
1
1
5
S
CO
b
c
2
c
1
E?
2
1cn
IS
ho
ul
de
r D
et
ai
ls
od.
15
 m
on
th
s !
rs|
1
3
1
»A
D
om
in
an
t h
an
d
Af
fe
ct
ed
 h
an
d KD
g
O
da-a
O
ns
et
 o
f p
ai
n
| Prese
nt
at
io
n 
to
 6
.P
.
| Pre
ci
pi
ta
tin
g 
fa
ct
or
/s
O
n 
Tr
ea
tm
en
t
1
<
z z Z
La
te
ra
l t
o 
ac
rj
z z z Z I s § sO O-or cn 'r> 20.0 
|
od
m
cn
i Un
af
fe
c.
 (R
) j
C
on
to
ur
 c
ha
ng
e]
| Deltoid
 j
Ss
 +
 Is
 |
z z z
ST
1
e
=>
§ 55 § § S
zu
21
.6 SOwS
S’St
003 od 10
.5
Lo
ok
 a
nd
 F
ee
l
£•
<
At
ro
ph
y
de
lto
id
 (0
), 
Su
pr
as
p 
(S
), 
In
fra
so
 (B
t T
ra
oe
nu
s 
(T
l
Te
nd
er
ne
s
M
us
cl
e  
sp
as
m
Sw
el
lin
g
C
re
pi
ta
tio
n
03
i
co
o>
CZ
LI
j B 
Ex
te
ns
io
n
| E Ab
du
ct
io
n ■d
T3
<
1
X
JOJ
.2
ts
1
s
>3u
c
.2
T3
2
£
ea
i
UJ
<
I
CO
<
ajn
I
ISC
1
Q
<
d
|L
SS
 te
st
 a
rm
s 
at
 si
de
j LS
S 
te
st
 a
t 9
0 
ab
d.
Appendices 309
Subacromial Impingement Syndrome (2012)
11.5 Appendix V: The functional impairment test-head, and
neck/shoulder/arm protocol (taken from ‘Additional File i: The 
FJT-HaNSA Protocol’provided with58)
The link: [http://www.biomedcentral.coni/content/supplementary/1471-2474-8-42- 
Sl.doc]
The Functional Impairment Test-Head, and Neck/Shoulder/Arm
(FIT-HaNSA) Protocol
Joy MacDermid
School of Rehabilitation Science, McMaster University, Hamilton, Ontario, Canada 
Clinical Research Lab, Hand and Upper Limb Centre, St. Joseph’s Health Centre,
London,
Ontario, Canada
E-mail: macderi@mcmaster.ca or iinacderm@uwo.ca
Test Purpose: To provide a brief measure of functional performance of the 
upper limb while performing multi-level tasks that require grip/manipulation of 
the hand, elbow/shoulder reaching, sustained overhead work, and sustained 
positioning with a particular emphasis on assessing the limitations in functional 
performance attributable to shoulder/neck disorders.
Test Equipment
• The JobSim System (JTech Medical, Salt Lake City, USA) can be used for all 
FITHaNSA tests.
• The test can also be reproduced with self-made materials using instructions in 
Appendix 1.
Set-Un with JTech Equipment
Test 1 — “Waist-up”
One shelf is placed at the subject’s waist level and a second shelf is placed 25 cm above 
it. The three 1-kg containers are placed 10 cm apart, in line with the screws on the upper 
shelf, on the lower shelf.
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One shelf is placed at the subject’s eye level and a second shelf is placed 25 cm below it. 
The three 1-kg containers are placed 10 cm apart, in line with the screws on the upper 
shelf, on the lower shelf.
Test 3 — “Overhead Work"
A shelf is placed at the subject’s eye level with an attachable plate, perpendicular to the 
shelf, projecting out toward the subject.
One bolt is placed in the top notch of the attachable plate 
and a second bolt is placed in the third notch down the 
same column so that there is an empty notch between 
them.
The bolts (3/8-16x2/4) are arranged so that the standoff 
and nuts are on alternating sides (e.g.. Bolt 1: standoff on 
left, nut on right; Bolt 2: standoff on right, nut on left).
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TEST 1 ~ “WAIST-UP”: Using the affected arm, the patient lifts three 1-kg 
containers, one at a time, between a shelf at waist level and a shelf 25 cm higher at a 
speed of 60 beats per minute, controlled by a metronome (beat 1 - grab, beat 2 — lift 
and place). Controls are tested using the dominant hand. The subjects and controls 
perform the task until 5 minutes have elapsed or they feel unable to continue (see test­
stopping criteria below).
• Order and placement of the containers: Subjects start with the container right in 
front of them (e,g., the container closest to the hand to be tested) and lift the 
distant one last. The first container is lifted to the higher shelf, then the second 
and third containers. When all the containers are on the higher shelf, the subject 
returns to the beginning and moves the containers down.
• Standing position: The patient stands with their feet apart, flat on the ground. 
When their elbow is tucked at their side, the tip of their finger should touch the 
lower shelf.
TEST 2 — “EYE-DOWN”: Using the affected aim, the patient lifts three 1-kg 
containers, one at a time, between a shelf at eye level and a shelf 25 cm lower at a 
speed of 60 beats per minute, controlled by a metronome (beat 1 - grab, beat 2 — lift 
and place). Controls are tested using the dominant hand. The subjects and controls 
perform the task until 5 minutes have elapsed or they feel unable to continue (see test­
stopping criteria below).
• Order and placement of the containers: Subjects start with the container right in 
front of them (e.g., the container closest to the hand to be tested) and lift the 
distant one last. The first container is lifted to the higher shelf, then the second 
and third containers. When all the containers are on the higher shelf, the subject 
returns to the beginning and moves the containers down.
• Standing position: The patient stands with their feet apart, flat on the ground. 
When their elbow is tucked at their side, the tip of their finger should touch the 
lower shelf.
Tests 1 and 2 instructions for subjects:
“We would like you to move all 3 containers from this shelf up/back down following 
the beat of the metronome (60 beats per minute). If you are off cadence, feel pain, or 
just simply can't continue, let us know and we will stop the timer. If you have reached 
5 minutes, the subtest is over and you can rest before the next test.”
TEST 3 - “OVERHEAD WORK”: Using both arms, the subject repeatedly screws 
and unscrews bolts (the nut is held, while the standoff is turned) in the top 3 holes in 
the plate, simulating sustained overhead work.
• Pattern: The bolt in notch 1 (top) moves down to notch 2. The bolt in notch 3 
(bottom) moves up to notch 1. The bolt in notch 2 moves down to notch 3. This 
pattern is repeated until 5 minutes have elapsed or the subjects feel unable to 
continue (see test-stopping criteria below).
• Standing position: The patient stands with their feet apart, flat on the ground. 
When their hands are held up, the elbows should be bent (start position).
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Test 3 instructions for subjects:
“Screw and unscrew the bolts by staying in the top 3 holes. We want you to hold the nut and 
turn the standoff. Do NOT twirl the screw. If you drop a bolt, keep your arms up in the air and a 
tester will give you another one so that you don't bring your arms down.” (the tester always has 
one or two extra bolts ready to go).
Test Stopping Criteria
Each task can be continued for up to 5 minutes, but is terminated based on the 
following stopping rules:
• The subject stops or states it is too painful to continue.
• The subject is severely off pacing to the extent that they are unable to complete 
one repetition of the movement within 2 beats of the metronome.
• The subject substitutes using trunk/whole body movement and cannot correct 
with feedback for 5 successive repetitions of the task.
• The examiner believes the subject is at risk of injury or adverse complication if 
tests were to continue.
> There is an approximately 30-sec rest in between tests as the shelves are adjusted
and the patient resumes start position.
> Scoring: The times are measured using a stopwatch.
• Test 1 (Waist-Up)/3 00 sec X 100%
• Test 2 (Eye-Down)/ 300 sec X 100%
• Test 3 (Overhead Work)/300 sec X 100%
• Total Score = Mean of Test 1, Test 2 and Test 3
Comparative Data
Population Sex n Test 1 
Score in 
sec (SD), 
%
Test 2 
Score in 
sec (SD), 
%
Test 3 
Score in 
sec (SD), 
%
Total
Score in 
sec (SD),
%
Controls
Development study M, F 5 300.00 286.50 300.00 295.50
100% 95.50% 100% 98.50%
Validation study M 8 300.00 276.50 300.00 292.16
(.00) (35.97) (.00) (11.98)
100% 92.16% 100% 97.38%
Validation study F 11 300.00 299.09 300.00 299.69
(.00) (3.02) (.00) (1.00)
100% 99.69% 100% 99.89%
Patients
Development study M, F 5 178.80 116.60 150.70 148.70
59.60% 38.87% 50.23% 49.57%
Validation study M 8 300.00 246.25 278.75 275.00
(.00) (67.30) (60.10) (24.78)
100% 82.08% 92.91% 91.66%
Validation study F 9 300.00 246.00 271.22 272.40
(.00) (83.90) (44.96) (42.60)
100% 82.00% 90.40% 90.80%
Legend: F = female, M = male
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Investigation of the impact of reach and grasp activities on aspect of EMG and 
kinematics were formed in the Human Movement Laboratory at McMaster University 
(Principal investigator — V Galea). The original pilot testing and test development was 
conducted with D Humphreys, J McCluskie and E Shewayhat. Further development 
and validation of the test in mild shoulder pathology was performed by M Ghobrial, 
KB Quirion, M St-Amour, T Tsui. The wooden shelving unit was built by James 
Bromley.
Wooden Shelving Unit
An adjustable shelving unit was constructed using self-made material. The unit 
consisted of two cedar uprights with dimensions 3.5 cm X 8.5 cm X 236.5 cm. 
Holes (2.5 cm diameter) were drilled into the uprights with a 5 cm center to center 
distance. Two shelves were constructed (78 cm X 45 cm) and were adjustable via two 
posts made out of 2.5 cm thick dowels. One shelf was constructed with additional 
objects allowing a dexterity task to be performed with arms raised above the head. 
The task consisted of fitting turn screws into 6 fittings. The present prototype is not 
free-standing. The two uprights were fixed into the wall via cedar boards and rested on 
cedar board frame that was weighted down with sandbags. We are presently adapting 
this prototype to a free-standing unit.
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11.6 Appendix VI: The raw non-electromyography data collected 
from the study participants
11.6.1 Appendix VI: Table 1: Raw data of normal dominant and non­
dominant shoulders of female and male controls.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (FIT- 
HaNSA, %) and self-reporting questionnaires.
Isometric
Flexors
External ] 
Internal F
ROMf)
Flexion
Horiz. Ac 
External ] 
Internal F
Postural, 
NSPI (%] 
SI (%) 
LSSTP1< 
LSSTP2( 
LSSTP3< 
TKI (%) 
FHP C) 
FSP(°;
WUT
EDT
OHT
(°/i
;%;
(%
Average
CMS
OSS
DASH
DASH O
DASH O
ULFI
MPQ
HADS
HADS (/
HADS (E
GHSF12
GHSF12
GHSF12
Appendices 315
^
11.6.2 Appendix VI: Table 2: Raw data of normal shoulders of male 
Caucasian and male non-Caucasian controls.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (F1T- 
HaNSA, %) and self-reporting questionnaires.
Subacromial Impingement Syndrome (2012)
Male Caucasian controls (8) Male non- Caucasian controls (13)
Tests Dominant Non-dominant Dominant Non-dominant
Mean SD Mean SD Mean SD Mean SD
Isometric MVC (N)
Flexors 91.6 28.5 95.6 31.3 94.7 15.2 99.0 20.3
Abductors 85.1 28.3 97.4 36.6 90.5 12.4 100.9 19.2
External Rotators 82.9 23.5 163.0 66.5 85.4 14.8 168.4 44.7
Internal Rotators 78.7 22.3 145.5 57.1 86.3 12.8 149.4 37.4
ROMO
Flexion 179.0 3.1 44.3 4.1 178.6 3.6 41.8 2.5
Extension 179.0 3.1 44.0 3.8 178.6 3.6 42.1 3.2
Abduction 51.8 4.4 81.5 8.1 51.1 6.8 74.3 9.4
Horiz. Adduction 52.5 4.4 85.0 6.9 52.5 6.4 74.3 10.2
External Rotation 179.5 2.2 9.9 0.4 178.6 3.6 9.4 0.9
Internal Rotation 179.5 2.2 9.9 0.4 177.9 5.8 9.9 0.5
Postural measurement
NSPI (%) 162.7 12.0 11.8 0.9 161.2 9.7 11.8 0.9
SI (%) 160.2 11.4 11.7 1.1 163.1 11.0 11.7 0.7
LSSTP1 (cm) 100.7 35.0 11.1 2.4 73.3 5.5 11.4 1.2
LSSTP2 (cm) 73.5 6.9 54.6 7.8 72.2 5.4 52.5 5.8
LSSTP3 (cm) 9.2 1.1 55.2 8.2 9.6 1.0 63.6 9.1
TKI (%) 9.1 1.1 9.8 1.0
FHP(°; 10.5 1.0 10.1 1.4
FSP 0 10.4 1.0 10.2 1.4
FIT-HaNSA
WUT (%) 100.0 0.0 97.9 4.8 100.0 0.0
EOT (%) 100.0 0.0 99.3 2.0 98.7 3.4
OHT (%) 95.6 7.6 97.8 3.8 94.9 8.5
Average 92.6 14.8 96.4 7.7 97.8 3.8
Questionnaires
CMS 92.0 5.2 92.2 4.9 93.2 3.7 93.0 4.4
OSS 47.5 1.5 46.4 2.8
DASH 0.9 2.1 1.9 3.8
DASH Option 1 0.0 0.0 0.9 2.2
DASH Option 2 1.3 5.6 0.0 0.0
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ULFI 0.4 1.8 3.7 8.4
MPQ 0.3 1.1 0.7 1.3
HADS 1.0 1.8 0.3 0.7
HADS (A.C,) 0.7 1.2 0.3 0.7
HADS (D.C.) 0.3 0.8 0.0 0.0
GHSF12 16.5 2.4 17.7 3.7
GHSF12 (P.C.) 8.3 1.9 9.4 2.4
GHSF12 (M.C.) 7.6 1.6 8.4 1.8
11.6.3 Appendix VI: Table 3: Raw data for shoulders of female 
patients with unilateral (UIMP) or bi-lateral (BIMP) 
impingement syndrome.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (FIT- 
HaNSA, %) and self-reporting questionnaires.
Female UIMP Patients (11) Female BIMP Patients (5)
Tests Affected Unaffected More Affected Less Affected
Mean SD Mean SD Mean SD Mean SD
Isometric MVC (N)
Flexors 42.6 14.8 64.8 8.7 27.4 12.5 37.1 18.4
Abductors 34.5 12.5 59.0 10.3 24.6 5.7 31.3 19.0
External Rotators 54.3 16.7 73.1 17.5 46.8 11.3 52.5 8.3
Internal Rotators 74.4 33.3 109.8 41.6 48.7 27.9 65.0 23.8
ROMO
Flexion 122,7 27.4 170.0 6.3 120.0 18.7 142.0 43.2
Extension 32.7 7.9 45.5 4.7 34.0 8.9 42.0 8.4
Abduction 106.8 32.7 165.5 13.7 103.0 11.0 128.0 40.9
Horiz. Adduction 40.0 8.9 46.4 5.0 37.0 11.5 39.0 10.8
External Rotation 52.7 19.0 68.6 11.0 48.0 11.0 60.0 17.0
Internal Rotation 4.7 2.4 8.7 1.8 5.2 1.1 8.0 2.4
Postural measurement 
NSPI (%) 159.6 10.1 161.2 8.5 161.4 5.3 164.0 9.0
SI (%) 70.9 5.5 69.3 7.4 70.9 9.2 69.2 8.0
LSSTP1 (cm) 9.0 2.2 9.5 2.2 8.5 1.8 8.7 2.0
LSSTP2 (cm) 9.8 2.1 10.5 1.9 8.9 2.1 9.7 1.7
LSSTP3 (cm) 10.5 2.3 11.7 2.1 9.5 2.3 10.2 1.5
TKI (%) 10.2 2.9 10.7 3.3
FHP O 51.17 10.7 45.8 6.8
FSPO 43.90 7.9 48.6 14.1
FIT-HaNSA
WUT (%) 62.5 25.3 80.3 22.9 44.9 15.1 64.0 31.2
EDT (%) 36.0 18.5 45.6 17.6 21.7 5.5 16.0
OHT (%) 51.1 17.7 63.9 17.5 27.6 11.0 42.3 11.6
Average 49.9 18.9 63.3 17.5 31.8 8.9 42.1 15.1
CMS
Pain 45.5 13.3 85.0 6.9 47.1 10.4 59.5 16.6
Activity 6.5 3.4 14.4 1.6 5.8 2.6 9.2 3.3
Sleep 10.0 3.2 17.2 1.5 8.6 3.2 13.0 3.5
ROM 0.5 0.5 1.9 0.3 0.8 0.8 1.0 1.0
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Power
Total
20.7 6.0 38.4 2.9
7.7 2.8 13.2 2.4
25.2 7.2 29.6 8.3
5.5 1.3 7.1 4.2
Other Questionnaires
OSS 26.4 7.7 17.8 6.1
DASH 50.1 13.8 62.0 12.6
DASH Option 1 26.1 28.9 15.0 22.4
DASH Option 2 9.7 23.6 40.0 41.8
ULFI 38.9 10.0 64.0 18.3
MPQ 20.5 12.6 27.4 11.4
HADS 12.6 8.2 20.0 7.3
HADS (A.Cj) 7.8 4.4 10.8 4.0
HADS (D.C.) 4.8 4.3 9.2 3.7
GHSF12 30.7 6.4 40.0 5.3
GHSF12 (P.C.) 15.5 3.7 19.2 3.4
GHSF12 (M.C.) 15.3 3.0 21.2 2.6
Appendices 318
Subacromial Impingement Syndrome (2012)
11.6.4 Appendix VI: Table 4: Raw data for affected and unaffected 
shoulders of improved female patients with unilateral 
impingement (LUMP) syndrome.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (FIT- 
HaNSA, %) and self-reporting questionnaires.
Female improved UIMP patients (4)
Tests Affected Unaffected
Mean SD Mean SD
Isometric MFC (N)
Flexors 52.1 6.5 59.3 7
Abductors 49.1 5 59.9 11.7
External Rotators 73 26.3 69.6 10
Internal Rotators 89 20 102.5 50.1
ROMO
Flexion 172.5 9.6 177.5 5
Extension 55 4.1 57.5 2.9
Abduction 177.5 5 180 0
Horiz. Adduction 42.5 2.9 43.8 2.5
External Rotation 66.3 4.8 70 8.2
Internal Rotation 9.5 1 9.5 1
Postural measurement
NSPI (%) 164.7 15.7 163.3 17.4
SI (%) 74.3 3.7 72.1 1.2
LSSTP1 (cm) 9 2.5 8.9 2.4
LSSTP2 (cm) 9.5 2.3 10.1 2.6
LSSTP3 (cm) 11 2.5 11.1 2.3
TKI (%) 12.8 0.7
FHP 0 43.8 5.4
FSP (°) 58.8 10.7
FIT-HaNSA
WUT (%) 91.3 17.5
EOT (%) 73.3 19
OHT (%) 83.3 19.6
Average 82.6 13.5
CMS
Pain 13 2.8 13.8 2.5
Activity 17.5 2.4 19.3 1
ROM 39 2 38.5 3
Power 11 1.2 13.2 2.6
Total 80.5 9.1 84.7 8.7
Other Questionnaires
OSS 41 5.3
DASH 15.7 11.3
DASH Option 1 31.3 23.9
DASH Option 2 18.8 23.9
ULFI 28 32.7
MPQ 15 17.3
HADS 11 15.4
HADS (A.C,) 5.8 6.2
HADS (D.C.) 5.3 9.2
GHSF12 24.5 6.2
GHSF12 (P.C.) 12 3.5
GHSF12 (M.C.) 12.5 2.9
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11.6.5 Appendix VI: Table 5: Raw data for affected and unaffected
shoulders of male patients with unilateral (UIMP) or bi-lateral 
(BIMP) impingement syndrome.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (FIT- 
HaNSA, %) and self-reporting questionnaires.
Subacromial Impingement Syndrome (20J2)
Male UIMP Patients (6) Male BIMP Patients (7)
Tests Affected Unaffected More Affected Less Affected
Mean SD Mean SD Mean SD Mean SD
Isometric MVC (N)
Flexors 91.9 30.1 115.6 15.8 58.5 34.6 74.7 37.4
Abductors 66.8 29.9 99.3 21.3 46.3 36.4 68.1 35.8
External Rotators 102.2 19.9 123.2 36.9 69.2 34.6 87.3 53.1
Internal Rotators 143.0 56.7 208.4 48.5 103.4 73.8 142.5 86.2
ROMO
Flexion 140.0 42.9 176.7 5.2 127.1 35.5 147.1 43.9
Extension 40.0 9.5 48.3 2.6 35.7 7.3 42.1 9.1
Abduction 128.3 50.0 176.7 5.2 114.3 46.1 145.0 44.3
Horiz. Adduction 37.5 6.1 42.5 2.7 38.6 9.0 41.4 9.0
External Rotation 52.5 17.0 68.3 9.3 46.4 16.3 59.3 15.4
Internal Rotation 5.3 2.7 8.7 1.0 4.3 2.1 6.3 2.4
Postural measurement 
NSPI (%) 152.2 6.3 150.6 9.3 160.7 6.3 160.8 10.5
SI (%) 73.0 8.5 74.0 7.1 77.0 8.8 78.2 11.0
LSSTP1 (cm) 9.8 1.2 10.2 1.3 9.7 1.5 9.6 1.7
LSSTP2 (cm) 10.5 1.1 11.5 1.3 11.4 2.4 11.6 2.3
LSSTP3 (cm) 11.3 1.1 12.5 1.1 11.8 0.7 12.2 0.7
TKI (%) 11.2 2.4 10.7 2.0
FHP 0 43.3 11.3 45.0 12.0
FSP (°) 50.4 9.8 47.8 8.8
FIT-HaNSA
WUT (%) 72.0 31.4 94.8 10.5 63.4 41.6 76.3 33.9
EDT (%) 58.1 36.3 57.5 33.0 44.9 26.7 52.0 39.2
OHT (%) 36.1 15.8 66.4 5.6 60.5 26.3 64.2 26.2
Average 55.4 20.8 72.9 16.4 50.4 32.2 64.1 31.2
CMS
Pain 6.7 2.9 14.3 0.8 5.0 4.9 7.4 4.7
Activity 11.0 2.6 19.3 1.2 8.4 6.2 12.0 6.2
ROM 24.0 7.5 38.7 1.6 19.7 11.5 28.0 11.8
Power 14.9 6.7 21.3 3.4 13.7 8.3 14.1 8.2
Total 56.6 18.3 93.7 5.4 45.6 23.9 59.8 28.6
Other Questionnaires
OSS 28.2 6.5 21.8 9.0
DASH 44.4 17.2 62.2 10.9
DASH Option 1 33.3 30.3 36.6 37.7
DASH Option 2 35.4 32.0 28.6 40.2
ULFI 44.7 20.8 59.4 10.9
MPQ 26.7 23.5 31.0 20.2
HADS 10.8 9.1 20.6 9.9
HADS (A.C,) 7.2 5.8 12.1 4.5
HADS (D.C.) 3.7 3.3 8.4 5.8
GHSF12 29.0 10.8 40.1 6.9
GPISF12 (P.C.) 14.0 5.3 19.6 2.9
GHSF12 (M.C.) 15.0 5.7 21.3 3.5
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11.6.6 Appendix VI: Table 6: Raw data for shoulders of male
unilateral impingement (UIMP) patients who have associated 
shoulder pathology.
The presented values are the average isometric maximum voluntary contraction (MVC, N), range of 
motion (ROM, °), postural measurements, functional impingement test-hand, and neck/shoulder/arm (FIT- 
HaNSA, %) and self-reporting questionnaires.
Tests
Male UIMP Patients with 
associated shoulder pathology (6)
Affected Unaffected
Mean SD Mean SD
Isometric MVC (N)
Flexors 75.3 24.7 107.6 27.1
Abductors 70.0 26.8 93.7 19.5
External Rotators 82.7 31.8 107.1 12.9
Internal Rotators 116.8 75.3 176.2 58.7
ROM C)
Flexion 140.0 52.5 175.0 8.4
Extension 40.0 10.5 47.5 4.2
Abduction 130.8 49.0 176.7 8.2
Horiz. Adduction 33.3 10.8 42.5 4.2
External Rotation 53.3 18.6 65.8 12.0
Internal Rotation 5.3 2.4 9.0 1.1
Postural measurement
NSPI (%) 153.2 13.7 148.7 3.6
SI (%) 73.6 3.2 74.7 5.3
LSSTP1 (cm) 9.5 2.1 9.2 2.2
LSSTP2 (cm) 10.1 2.0 10.6 2.2
LSSTP3 (cm) 10.9 1.8 11.5 2.1
TKI (%) 10.4 2.8
FHP C) 52.2 11.5
FSP (°) 51.6 11.4
FIT-HaNSA
WUT (%) 70.9 27.2
EDT (%) 55.1 28.1
OHT (%) 70.6 27.1
Average 65.5 23.3
CMS
Pain 6.3 5.0 14.0 1.7
Activity 9.5 5.3 18.8 1.6
ROM 22.0 10.6 38.3 4.1
Power 14.1 9.0 20.6 3.6
Total 54.3 26.4 92.2 8.6
Other Questionnaires
OSS 22.3 8.9
DASH 48.1 23.4
DASH Option 1 59.4 33.5
DASH Option 2 33.3 41.0
ULFI 54.0 24.2
MPQ 26.8 11.5
HADS 15.5 11.9
HADS (A.C,) 7.5 6.0
HADS (D.C.) 6.0 7.8
GHSF12 31.0 9.9
GHSF12 (P.C.) 16.0 3.9
GHSF12 (M.C.) 17.8 3.5
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11.7 Appendix VII: Data related to the discussion chapter
11.7.1 Appendix VII: Table 1: The percentage and deficit (%) of the 
mean muscle strength between female (FC) and male (MC) 
controls.
Abd = abduction, Flex = flexion, ER = external rotation and IR = internal rotation.
Muscle Strength Femalecontrols
Male
controls
Strength
ratio
FC:MC %
Deficit
%
Flexors 67.8 103.7 68.8 31.2
Abductors 64.1 94.5 62.3 37.7
External rotators 77.8 110.4 76.9 23.1
Internal rotators 124.4 175.8 69.7 30.3
Abd/Flex 0.95 0.91
ER/IR 0.63 0.63
11.7.2 Appendix VII: Table 2: The percentage and deficit (%) of the 
mean muscle strength of affected shoulders between female 
and male study groups.
Abd = abduction, Flex = flexion, ER = external rotation and IR = internal rotation. P = patients and C = 
controls.
Muscle Strength
Female
patients Female Strength ratio 
P:C %
Deficit
Male
patients Male Strength ratio 
P:C %
Deficit
Affected
shoulder
controls % Affected
shoulder
controls %
Flexors 37.7 67.8 55.6 44.4 71.3 103.7 68.8 31.2
Abductors 31.4 64.1 49.0 51.0 58.9 94.5 62.3 37.7
External rotators 52.1 77.8 67.0 33.0 84.9 110.4 76.9 23.1
Internal rotators 66.0 124.4 53.1 46.9 122.6 175.8 69.7 30.3
Abd/Flex 0.83 0.95 0.83 0.91
ER/IR 0.79 0.63 0.69 0.63
11.7.3 Appendix VII: Table 3: The percentage and deficit (%) of the 
mean muscle strength of unaffected shoulders between female 
and male study groups.
Abd = abduction, Flex = flexion, ER = external rotation and IR = internal rotation. P = patients and C = 
controls.
Muscle Strength
Female
patients Female
controls
Strength 
ratio 
P:C %
Deficit
%
Male
patients Male
controls
Strength 
ratio 
P:C %
Deficit
%Unaffected
shoulder
Unaffected
shoulder
Flexors 64.8 67.8 95.6 4.4 109 103.7 105.1 -5.1
Abductors 59.0 64.1 92.0 8.0 95.1 94.5 100.6 -0.6
External rotators 73.1 77.8 94.0 6.0 112.7 110.4 102.1 -2.1
Internal rotators 109.8 124.4 88.3 11.7 194 175.8 110.4 -10.4
Abd/Flex 0.91 0.95 0.87 0.91
ER/IR 0.67 0.63 0.58 0.63
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11.7.4 Appendix VII: Table 4: Normal values of range of motion from 
asymptomatic individuals as provided in the literature.
Author Flexion Extension Abduction Medial Rot. Lateral Rot.
Steindler (1955)54S 180 30-40 150
US Army/Air force (1986)549 180 60 180 70 90
Boone and Azen (1979)550 165 57.3 182.7 67.1 99.6
Hislop and Montgomery 
(1995)551
180 45 180 80 60
Murray et al. (1985)137 170 57 178 49 94
Gerhardt and Rippstein 
(1990)552
170 50 170 80 90
11.7.5 Appendix VII: Table 5: The percentage and deficit % of the 
mean range of motion (ROM) of affected shoulders between 
female and male study groups.
P = patients and C = controls.
ROM
Female
patients Female
controls
Strength
ratio
P:C %
Deficit
%
Male
patients Male
controls
Strength
ratio
P:C %
Deficit
%Affected
shoulder
Affected
shoulder
Flexion 126.7 180 70.4 29.6 138.5 178.1 77.8 22.2
Extension 35.2 53.8 65.4 34.6 39.4 50.8 77.6 22.4
Abduction 111 180 61.7 38.3 129.6 178.3 72.7 27.3
Horiz. adduction 39 45.4 85.9 14.1 37.9 41.9 90.5 9.5
External rotation 53.3 86.5 61.6 38.4 52.9 75.2 70.3 29.7
Internal rotation 5.6 10 56.0 44.0 5.3 9.7 54.6 45.4
11.7.6 Appendix VII: Table 6: The percentage and deficit % of the
mean range of motion of unaffected shoulders between female 
and male study groups.
P = patients and C = controls.
ROM
Female
patients Female Strength ratio 
P:C %
Deficit
Male
patients Male Strength ratio 
P:C %
Deficit
Unaffected
shoulder
controls % Unaffected
shoulder
controls %
Flexion 170 180 94.4 5.6 175.8 178.1 98.7 1.3
Extension 45.5 53.8 84.6 15.4 47.9 50.8 94.3 5.7
Abduction 165.5 180 91.9 8.1 176.7 178.3 99.1 0.9
Horiz. Adduction 46.4 45.4 102.2 -2.2 42.5 41.9 101.4 -1.4
External rotation 68.6 86.5 79.3 20.7 67.1 75.2 89.2 10.8
Internal rotation 8.7 10 87.0 13.0 8.8 9.7 90.7 9.3
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11.7.7 Appendix VII: Table 7: Normal mean values of thoracic 
kyphosis index (TKI) from asymptomatic individuals as 
provided in the literature.
Subacromial Impingement Syndrome (2012)
Author Age group
Women Men
or mean Mean SD N Mean SD N
Dunleavy et al. (2010)430 21-30 10.2 20 10.2 2
Current study (Controls) 28-68
45.8(10)
10.1 1.3 12 10.5 2.4 18
Chow and Harrison. 50-60 10.7 3.1 27
(1987)458 55.2 (2.5)
Milne and Lauder 62-64 10.7 2.3 42 10.5 2.5 46
(1976)510 65-69 11.7 2.8 93 11.1 3 75
70-74 12.7 2.9 55 11.7 2.9 38
75-79 13.9 3.9 45 12.2 3.6 34
80-90 16 5 30 12.2 3.5 20
11.7.8 Appendix VII: Table 8: Normal mean values of forward head 
posture (FHP) and forward shoulder posture (FSP) from 
female and male asymptomatic volunteers.
Author Posture Age group Women Menor mean Mean SD Range N Mean SD Range N
Raine and All 50.1 5.5 35-63 87 47.4 7.3 28-62 78
Twomey
(1997)154 FHP 17-29 51.9 4.4 43-63 35 52.2 5.2 40-62 21
30-54 50.8 4.8 43-61 28 47.6 5.9 35-58 27
55 & above 46.8 6.2 35-59 24 44- 7.9 28-62 30
All 54.3 11.5 32-92 87 53 13.5 25-83 78
FSP 17-29 50.3 11.2 33-93 35 46.7 12.9 28-82 21
30-54 55.2 12.3 32-78 28 56.1 12.9 30-80 27
55 & above 59.3 9.2 42-83 24 54.6 13.5 25-83 30
Current Study 
(controls)
FHP 28-68
45.8 (10)
55.5 8.3 12 47 11.4 18
FSP 53.6 7 12 49.7 9.2 18
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11.7.9 Appendix VII: Table 9: Functional impairment test score from 
asymptomatic volunteers. WUT, EDT and OHT indicate the 
waist-up5 eye-down and overhead tasks respectively.
Gender Task
Roy et al. (2009)138 MacDermid et al. (2007)58 Current study
Age mean N % Age mean N % Age mean N %
Women WUT
EDT
OHT
48.8(5.1) 13 100
91.3
97.7
32(12) 11 100
99.6
100
42.9(9.3) 18 100
92.1
97.7
Men WUT
EDT
OHT
48.5(5.3) 8 100
94.2
94.3
32(12) 8 100
92.2
100
47.6 (10.3) 22 100
96.8
99.2
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